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P A R T  T W O  
GRAPHICAL ECLIPSE DATA 
This section contains the eclipse data in graphical form. On 
facing pages are a work sheet ( l e f t  s ide)  and  the f inal  ecl ipse l i gh t  
curve ( r igh t  s ide ) .  ( ~ i g u r e s  2-1 a n d  2-2 i l l u s t r a t e . )  These figures 
also contain a number of explanatory comments which pertain t o  a l l  
the figures in Part Two. Figure 2-1 i l l u s t r a t e s  the "curve-fi t"  
technique of removing the sky background from the uncorrected object 
counts a f t e r  opening the telescope t o  200-inch aperture. Prior t o  
openingethe telescope aperture t o  200-inches, the sky background was 
removed from the uncorrected object counts by subtracting the weighted 
sky count (as observed in the sky aperture of the spectrometer) from 
the object count (The "dual aperture" technique). The sky count was 
weighted by the balance factor  appropriate t o  the par t icular  channel. 
The balance factor  was determined from the post disappearance data 
in the method discussed in Part One. 
In the case of the February ingress and March egress data ,  the 
dual aperture technique was used to  correct the data a f t e r  opening 
t o  200-i nch aperture as we1 1.  The curves are ordered by date-- 
February 8, March 10, April 6 and then by wavelength from blue t o  
red. 
Error bars are shown on the data from the time the telescope was 
f i r s t  o~ened  t o  200-inch aperture unti l  the l a  level above zero 
counts. The data points are connected from the beginning unti l  the 
data f i r s t  f a l l s  below l a .  A discussion of errors i s  found in Part 
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PRECEDING PAGE BLANK NOT 
ABSTRACT 
Observat ions o f  f i  ve Jov i  an sate1 1  i t e  e c l  i pses were ob ta ined  
d u r i n g  February, March, and Ap r i  1  1971 w i t h  t h e  200- inch Hale te lescope 
and mu1 t i channe l  spectrometer.  Ec l i pse  1  i g h t  curves i n  20 wavelength 
bandpasses were ob ta ined  f o r  each e c l i p s e .  The h i g h e r  coun t ing  r a t e  
channels were s t a t i s i t i c a l l y  s i g n i f i c a n t  d u r i n g  10 magnitudes of  
darkening. Well developed r e f r a c t i v e  t a i l s  were e v i d e n t  i n  t he  A p r i l  6 
e c l i p s e  o f  Europa. 
P re l im ina ry  ana l ys i s  o f  these da ta  has been performed. The 
e c l  i pse rad ius  o f  Europa was found t o  be 1200 f 100 km. Employing a  
Jov ian sca le  h e i g h t  o f  10 km, e x t i n c t i o n  due t o  an aerosol  component 
homogeneously mixed w i t h  t h e  gas above t h e  c l oud  tops,  and t o t a l  e x t i n c -  
t i o n  due t o  c loud  tops a t  t he  7.58 x 1018 p a r t i c l e / c c  l e v e l  i t  was 
p o s s i b l e  t o  t h e o r e t i c a l l y  d u p l i c a t e  t h e  observed e c l i p s e  l i g h t  curves 
i n  wavelength bandpasses n o t  cha rac te r i zed  by mo lecu la r  band abso rp t i on .  
A wavelength v a r i a t i o n  i n  t h e  aerosol  e x t i n c t i o n  f a c t o r  was found. 
Observat ions i n  severa l  channels a l s o  man i fes ted  t h e  presence o f  
mo lecu la r  bands. St rong NH3 and CH4 abso rp t i on  was no ted  i n  severa l  
channels.  Evidence i s  presented suppo r t i ng  t h e  t e n t a t i v e  conc lus ion  
t h a t  t h e  Hz, f i r s t - o r d e r - f o r b i d d e n ,  pressure induced d i p o l e  l i n e  a t  
A 6420 1 has been observed. These da ta  w i  11 enable new de te rmina t ions  
o f  t he  abundances c f  severa l  o f  t h e  atmospheric c o n s t i t u t e n t s .  
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PART ONE 
I. INTRODUCTION 
Te lescop ic  observa t ions  o f  t h e  p l a n e t  J u p i t e r  a t  v i s u a l  and near  
i n f r a r e d  wavelengths r evea l  a  s e r i e s  o f  banded s t r u c t u r e s .  These 
b e l t s  and zones va ry  i n  b r i g h t n e s s  w i t h  zenographic l o n g i t u d e  and 
l a t i t u d e ,  w i t h  t ime  and w i t h  wavelength.  I n  a d d i t i o n ,  they  e x h i b i t  
f i n e  s t r u c t u r e .  A t  t imes t h e  su r f ace  c louds  show a  p a t t e r n  o r  regu- 
l a r i  ty  i n  t h e i r  v a r i a t i o n s  and mu1 t i p l e  v e l o c i t i e s  have been observed 
i n d i c a t i n g  a  shear v e l o c i t y  w i t h i n  t h e  v i s i b l e  su r face .  These da ta  
p o i n t  t o  a  d i v e r s i t y  o f  composi t ion and s t r u c t u r e  w i t h i n  t h e  v i s i b l e  
1  ayers . 
Spect rographic  observa t ions  o f  J u p i t e r  have revea led  t h e  ex i s t ence  
o f  m inor  amounts o f  Methane and Ammonia. I n  a d d i t i o n ,  t h e  quadrupole 
r o t a t i o n - v i b r a t i o n a l  l i n e s  o f  mo lecu la r  hydrogen c o n f i r m  t h e  ex i s t ence  
o f  Hz. F u r t h e r  spec ies have n o t  y e t  been de tec ted  s p e c t r o s c o p i c a l l y  
even though t h e r e  i s  s t r o n g  reason t o  expect  o t h e r  gasses. The e a r t h ' s  
atmosphere makes observa t ions  o f  these  c o n s t i t u e n t s  d i f f i c u l t .  E i t h e r  
t hey  a re  hidden by t e l l u r i c  l i n e s  and bands o r  t h e  f e a t u r e s  a re  t o o  
weak t o  be de tec ted  by  normal i nc i dence  observa t ions .  
Other  methods f o r  de te rmin ing  t h e  composi t ion and phys i ca l  s t r u c t u r e  
o f  t h e  atmosphere o f  J u p i t e r  i n c l u d e  observa t ions  o f  spacecra f t  and 
s t e l l a r  o c c u l t a t i o n s  and obse rva t i on  o f  e c l i p s e s  o f  t h e  G a l i l e a n  s a t e l -  
li t e s .  F lyby  o r b i t e r  and d i r e c t  e n t r y  probes could ,  o f  course, a l s o  be 
employed. The Pioneer  and Outer P l a n e t  E x p l o r a t i o n  programs of NASA 
a r e  pursu ing  these approaches. The a - A r i e t i s  and t h e  r e c e n t  P-Scorp ius 
o c c u l t a t i o n s  by J u p i t e r  i 11 u s t r a t e  t h e  o c c u l t a t i o n  approach. 
The more f r equen t  phenomena a re  t h e  G a l i l e a n  S a t e l l i t e  Ec l i pses .  
Whi le t r a d i t i o n a l  spec t roscop ic  measurements o f  t h e  Jov ian  atmosphere 
a t  normal inc idence  reach t o  t he  c l oud  tops and o c c u l t a t i o n s  sample the  
very  upper 1  ayers , e c l i p s e  measurements probe t h e  atmosphere t a n g e n t i a l l y  
r i g h t  a t  t h e  c l oud  tops and thus enable observa t ions  w i t h  severa l  t imes 
t h e  i n t e g r a t e d  column d e n s i t y  a v a i l a b l e  i n  normal i nc i dence  observa t ions .  
Thus t h e  e c l i p s e  techn ique  has t he  p o t e n t i a l  t o  r evea l  new d e t a i l s  o f  
t h e  Jov ian atmosphere. I n  o r d e r  t o  o b t a i n  narrow band (40-360 1) e c l i p s e  
measurements, a l a r g e  ape r tu re  te lescope and a  f a s t  response photo-  
e l e c t r i c  spect rometer  a re  necessar-y. Th is  i s  t r u e  because t he  most 
i n f o r m a t i v e  p o r t i o n  o f  t h e  e c l i p s e  l i g h t  curve i s  t h a t  between 10 th  and 
1 5 t h  magnitudes. I n  a d d i t i o n ,  t h i s  p o r t i o n  o f  t he  l i g h t  cu rve  i s  ve ry  
s h o r t  l i v e d .  
The p r ima ry  purpose o f  t h e  Jov ian  S a t e l l i t e  E c l i p s e  Study I was 
t o  o b t a i n  and document observa t ions  o f  f i v e  Ga l i l ean  sate1 1  i t e  ec l i pses  
i n  1971 and t o  per fo rm reduc t i on  o f  t h i s  data.  The r e s u l t s  o f  t h i s  
s tudy  a r e  con ta ined  i n  t h e  p resen t  volume. 
Sec t ion  11 i l l u s t r a t e s  t he  e f f e c t  o f  t h e  var ious  phys i ca l  parameters 
on t h e  e c l i p s e  l i g h t  curve.  I n  t he  n e x t  two sec t i ons  t h e  equipment and 
measurement procedures a re  d e t a i  1  ed. The sate1 1  i t e  absol  u t e  f 1  ux c a l  i - 
b r a t i o n s  f o l l ow .  D e t a i l s  on t h e -  techniques employed i n  reduc ing  t h e  
raw data t o  e c l i p s e  1  i g h t  curves, and t h e  method f o r  c a l c u l a t i n g  theo- 
r e t i c a l  l i g h t  curves a re  then presented. F i n a l l y  t h e  t h e o r e t i c a l  and 
observa t iona l  s t u d i e s  a r e  combined and a  number o f  p r e l i m i n a r y  con- 
c l u s i o n s  der i ved .  A r a d i u s  f o r  Europa, and a  Jov ian atmosphere sca le  
h e i g h t  are deduced. An aerosol  e x t i n c t i o n  f a c t o r  i s  de r i ved  f rom 
measurements a t  two wavelengths and t h e  a l t i t u d e  o f  t h e  c l oud  t o p  i s  
determined. The observed absorp t ion  f ea tu res  a re  t abu la ted  and a  
number o f  a d d i t i o n a l  da ta  reduc t i on  tasks  a re  out1 ined.  
11. SATELLITE ECLIPSE DESCRIPTION 
I n  t h i s  s e c t i o n  t h e  s i g n i f i c a n t  p h y s i c a l  parameters  d e t e r m i n i n g  t h e  
shape o f  a  J o v i a n  s a t e l l i t e  e c l i p s e  l i g h t  c u r v e  a r e  b r i e f l y  i n t r o d u c e d .  
F o r  a  d e t a i l e d  d e s c r i p t i o n ,  see P r i c e  (1970) .  From g e o m e t r i c a l  c o n s i d e r a -  
t i o n s ,  t h e  b e s t  c o n f i g u r a t i o n  f o r  o b s e r v i n g  a  G a l i l e a n  s a t e 1  1  i t e  e c l i p s e  
i s  q u a d r a t u r e .  The phase a n g l e  ( p l a n e t o c e n t r i c  a n g l e  between t h e  Sun 
and E a r t h )  i s  a t  i t s  maximum, a p p r o x i m a t e l y  11° and t h e  s a t e l l i t e s  e n t e r  
and e x i t  t h e  shadow cone a t  t h e  g r e a t e s t  a n g u l a r  d i s t a n c e  f r o m  t h e  l i m b  
o f  J u p i t e r .  I n g r e s s  e c l i p s e  l i g h t  curves a r e  e x o e r i m e n t a l l y  e a s i e r  t o  
obse rve  i n  t h a t  t h e  s a t e l l i t e  may be a c q u i r e d  b e f o r e  t h e  o n s e t  o f  t h e  
e c l i p s e .  Egress e c l i p s e  1  i g h t  curves a r e  o f  i n t e r e s t  because t h e y  e n a b l e  
s t u d y  o f  t h e  s u n r i s e  t e r m i n a t o r  b u t  a r e  more d i f f i c u l t  t o  o b t a i n  because 
t h e  s a t e l l i t e  i s  n o t  v i s i b l e  i n i t i a 1 l . y  and o f f - s e t  f i n d i n g  procedures  
must  be used f o r  a c q u i s i t i o n  o f  t h e  s a t e l l i t e .  Hence e c l i p s e s  a t  w e s t e r n  
q u a d r a t u r e  ( b e f o r e  oppos i  ti on)  have been observed more f r e q u e n t l y  . Tab1 e  
11-1 l i s t s  s e v e r a l  p h y s i c a l  d a t a  d e s c r i b i n g  t h e  s a t e l l i t e s  J I  t h r o u g h  J I V .  
TABLE 11-1 PHYSICAL DATA OF THE JOVIAN SATELLITES AND JUPITER* 
Magni tude Di s t a n c e  
A t  From S i d e r e a l  
Oppos i ti on P r i m a r y  P e r i o d  Radi us 
Name (m,) ( J o v i  an Radi i ) (days ( k m )  
10 ( J I )  t 5 . 5 2  5.92 1  .769 1670 
Europa ( J I I )  +5.67 9.40 3.551 1460 
Gan,ymede ( J I I I )  +5.18 15.00 7.154 2550 
C a l l i s t o  ( J I V )  +6.20 26.39 16.69 2360 
J u p i t e r  -2.50 5.203 11.862 71 ,350 
(Au) ( y e a r s  
* A l l e n  (1962)  
D u r i n g  an e c l i p s e  a  s a t e l l i t e  f i r s t  passes i n t o  t h e  penumbra. The 
shape o f  t h e  e c l i p s e  l i g h t  c u r v e  d u r i n g  t h i s  p o r t i o n  o f  t h e  e c l i p s e  i s  
de te rm ined  a lmos t  t o t a l l y  b y  t h e  geometry o f  t h e  p rob lem i .e. ,  b y  t h e  
sun and s a t e l l i t e  d iamete rs  and d i s t a n c e s  f r o m  J u p i t e r .  I n  t h e  umbra 
t h e  s a t e 1  li t e  wou ld  be t o t a l l y  da rk  i f  J u p i t e r  had no atmosphere.  (See 
cove r  p i c t u r e .  ) However, J u p i t e r  has an atmosphere whi ch r e f r a c t s  t h e  
l i q h t  so t h a t  t h e  s a t e 1  l i t e  remains v i s i b l e  a f t e r  p a s s i n g  t o t a l l v  i n t o  
t h e  urnbra. The shape o f  t h i s  " r e f r a c t i v e  t a i l "  on t h e  e c l i p s e  l i g h t  
cu rve  c o n t a i n s  a  g r e a t  deal  of  i n f o r m a t i o n  abou t  t h e  J o v i a n  atmosphere.  
The rema inder  o f  t h i s  s e c t i o n  i s  a  q u a l i t a t i v e  d e s c r i p t i o n  o f  t h e  e f f e c t  
o f  each o f  t h e  s i g n i f i c a n t  parameters  on t h e  l i g h t  cu rves .  G r a p h i c a l  
d a t a  a r e  employed. They were o b t a i n e d  i n  p a r t  f r o m  o u r  own c a l c u l a t i o n s  
ne r fo rmed  i n  t h e  manner d e s c r i b e d  i n  S e c t i o n  V I I  and i n  p a r t  f r o m  P r i c e  
(1970) .  
F i g u r e  11-1 E f f e c t  o f  S a t e l l i t e  
D iameter  on t h e  E c l i p s e  L i g h t  
TIME Curve ( P r i c e  1970) 
S a t e l l i t e  Rad ius .  F i q u r e  11-1 shows t h e  e f f e c t  o f  t h e  s a t e 1  li t e  
r a d i u s  on t h e  e c l i p s e  l i g h t  c u r v e .  I n  t h e  case o f  a  p o i n t  s a t e l l i t e ,  
5 
t h e  s l ope  i s  s teep  b u t  f i n i t e  due t o  t he  f i n i t e  d iameter  o f  t h e  sun. 
F i gu re  11-2 E f f e c t  o f  Ray le igh 
S c a t t e r i  nq f o r  Var ious WavelenaChs 
( P r i c e  1970) 
TIME 
2 )  Rayl e i gh  S c a t t e r i n g .  One ma jo r  e x t i n c t i o n  mechanism a t t enu? . t i  ng a  
r a y  as i t  passes t a n g e n t i a l l y  through t h e  Jov ian  atmosphere i s  
Rayl e i  gh s c a t t e r i n g .  Given t h e  Hydrogen and He1 i urn number densi  t i e s  
versus a1 t i  tude,  t h e  Ray le igh s c a t t e r i n g  c ross  s e c t i o n s ,  versus 
wavelength,  a re  e a s i l y  c a l c u l a t e d .  F i gu re  11-2 shows t h e  e f f e c t  o f  
d i  f f e r e n t  amounts o f  Rayl e i  gh s c a t t e r i n g  stemming f rom v a r i a t i o n  o f  
t he  wavelength o f  t h e  l i g h t  i n  which t h e  s a t e l l i t e  i s  viewed. 
3) Scale He igh t .  F i gu re  11-3 shows t h e  e f f e c t  o f  t h e  Jov ian  atmosphere 
s c a l e  h e i g h t  on t h e  r e f r a c t i v e  t a i l .  The ang le  o f  r e f r a c t i o n  through 
which a  r a y  i s  ben t  depends i n v e r s e l y  on t h e  square r o o t  o f  t h e  s c a l e  
h e i g h t ,  and on t h e  c l o s e s t  approach e l e v a t i o n .  Hence t h e  shape of 
t h e  r e f r a c t i v e  t a i l  on t he  l i g h t  curve i s  r e a d i l y  understood t o  be 
i n f l u e n c e d  by t h e  s c a l e  h e i g h t .  
TlME 
F igure  11-4 E f f e c t  o f  A d d i t i o n a l  
Aerosol E x t i n c t i o n  on t h e  Expected 
Re f rac t i ve  Tai  1  
F i  u r e  11-3 E f f e c t  o f  Sca le  He igh t  
on t h e  Ec i p s e  L i q h t  Curves f o r  a  -4-T 
Fixed wavelength ' ( P r i c e  1970) 
TlME 
4 )  A d d i t i o n a l  E x t i n c t i o n  Due t o  Aeroso ls .  I t  has been found necessarv t o  
invoke  an a d d i t i o n a l  e x t i n c t i o n  component t o  match ou r  observed e c l i p s e  
l i g h t  curves w i t h  t h e o r e t i c a l  curves.  I f  t h e  r a t i o  o f  aeroso l  and 
gaseous p a r t i c l e s  i s  cons tan t  th roughou t  t h e  atmosphere the  e f f e c t  o f  
aeroso l  e x t i n c t i o n  has e x a c t l y  t h e  same form as t h a t  o f  Ray le igh 
s c a t t e r i n g .  See F igu re  11-4. The wavelength v a r i a t i o n  o f  t h i s  a d d i t i o n a l  
e x t i n c t i o n  component w i  11 y i e l d  t h e  s i z e  parameter ( n  x  P a r t i c l e  
d iameter /  A ) v a r i a t i o n  of t h e  aeroso l  p a r t i c l e  e x t i n c t i o n  e f f i c i e n c v  
f a c t o r s .  
0 
AM 
F igu re  11-5 E f f e c t  o f  Mo lecu la r  
- 
Absorp t ion  on t he  R e f r a c t i v e  Tai  1 
- I 1 
TIME 
5 )  A d d i t i o n a l  E x t i n c t i o n  Due To Mo lecu la r  Absorp t ion  Bands. I n  p a r t i c u l a r  
bands a d d i t i o n a l  e x t i n c t i o n  occurs due t o  abso rp t i on .  The d i f f e r e n c e  
between t he  Rayleigh-plus-aerosol-continuum and t he  a c t u a l  e c l i p s e  l i g h t  
cu rve  i n  an a b s o r p t i o n  band enables de te rm ina t i on  o f  t h e  absorb ing  
spec ie  number d e n s i t y ,  presuming t h e  curve lo f -g rowth  i s  known. F i gu re  
11-5 i l l u s t r a t e s  t h i s  e f f e c t .  
- 
- 
- REFRACTION ONLY 
CUTOFF 
F igu re  11-6 
C u t o f f  on t h e  
E f f e c t  o f  Cloud 
R e f r a c t i v e  Tai  1  
( 6 )  Cloud Top Cutof f .  A r a y  t r a v e r s i n g  t a n g e n t i a l l y  through t he  atmosphere 
o f  J u p i t e r  may g e t  t o  a  low enough a l t i t u d e ,  a t  c l o s e s t  approach, t o  
be t o t a l l y  e x t i n g u i s h e d  b y  t h e  c l o u d  t o p s .  T h i s  t e r m i n a t e s  t h e  r e f r a c t i v e  
t a i l  and i s  i l l u s t r a t e d  i n  F i g u r e  11-6. 
I n  p r i n c i p a l ,  t h e  r a y  m i q h t  a l s o  be t e r m i n a t e d  b,y c r i t i c a l  r e f r a c t i o n - -  
t h e  s i t u a t i o n  i n  wh ich  t h e  r a y  i s  r e f r a c t e d  w i t h  a  smal l e r  r a d i u s  o f  
c u r v a t u r e  t h a n  t h e  p l a n e t  r a d i u s .  The o b s e r v a t i o n a l  e f f e c t  wou ld  be 
e x a c t l y  t h e  same as w i t h  c l o u d  t o p  c u t o f f .  
F i g u r e  11-7 E f f e c t  o f  t h e  F i g u r e  11-8 The Shadow Chord 
A lbedo Change Produc ing  Length  Determined f rom I n g r e s s /  
Anomolous Pos t  Reappearance Egress Observa t i ons  
B r i  gh t i  ng 
7)  Sate1 1  i t e  A1 bedo and Anomalous Reappearance B r i  gh t e n i  ng . I f  t h e  s a t e 1  1 i t e  
r e f l e c t i v i t y  s h o u l d  i n c r e a s e  d u r i n g  immersion i n  t h e  shadow t h e  s a t e 1  1  i t e  
m i g h t  reappear  w i  t h  a  g r e a t e r  b r i g h t n e s s  than  p r i o r  t o  d isappearance.  
I n  p r i n c i p a l ,  d e t e c t i o n  o f  such b r i g h t e n i n g  i s  p o s s i b l e  f rom reappearance 
da ta .  See F i g u r e  11-7.  
8 )  J o v i a n  F i g u r e  D e t e r m i n a t i o n .  F i g u r e  11-8 i 11 u s t r a t e s  how knowledge o f  
t h e  p r e c i s e  d u r a t i o n  o f  a  s a t e l l i t e  e c l i p s e  may l e a d  t o  a  d e t e r m i n a t i o n  
of  t h e  c h o r d  l e n g t h  o f  t h e  shadow cone, and hence o f  t h e  J o v i a n  d i s k .  
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I I I . EQUIPMENT 
The 200- inch Hale te lescope and t h e  33-channel p h o t o e l e c t r i  c spec- 
t r ome te r  were used i n  t h i s  s tudy t o  measure t h e  e c l i p s e  1 i g h t  curves. 
The spect rometer  o p t i c a l  system and assoc ia ted  e l e c t r o n i c  equipment 
a r e  descr ibed  by Oke (1969). The spect rometer  i s  designed f o r  ope ra t i on  
a t  t he  Cassegrain focus. The data were recorded on punched cards and 
p r i n t e d  paper tape. Se lec ted  wave1 ength counters  were a1 so recorded on 
v ideo  tape.  The punched ca rd  mode was used d u r i n g  t h e  non t i m e - c r i  t i c a l  
p o r t i o n s  o f  t h e  measurements. The p r i n t e d  paper tape  mode was employed 
a t  a l l  t imes,  and t h e  v ideo  tape mode was employed o n l y  du r i ng  t h e  
ac tua l  e c l i p s e s .  An audio tape machine recorded vo i ce  remarks from t h e  
da ta  room and from the  observer  i n  t he  Cassegrain cage on one channel 
and WWV on t h e  o t h e r  channel. Audio record ings  were made a t  a l l  t imes,  
i n c l u d i n g  se t -up  and c a l i b r a t i o n  per iods .  
A. Mu1 ti channel Photoel  e c t r i  c Spectrometer 
Only a b r i e f  des .c r ip t ion  o f  t h e  spect rometer  w i l l  be g i ven  here.  
0 
The spect rometer  operates i n  t h e  wavelength r e g i o n  3100 t o  11,000 A. 
A1 though t h e r e  a re  33 photomul t i p l i e r  channels a v a i l a b l e ,  o n l y  20 were 
used because o n l y  20 se t s  o f  dual  pu l se  counters  were a v a i l a b l e .  The 
wavelength i n t e r v a l  i s  d i v i d e d  i n t o  two reg ions ,  3100 t o  5600 a ( r e f -  
f e r e d  t o  as b1ue)and 5600 t o  11,000 1 ( r e f e r r e d  t o  as r e d ) .  I n  t h e  
0 
b l u e  reg ion ,  t h e  17 photomul t i p 1  i e r s  have acceptance bands 160 A wide; 
w h i l e  i n  t he  r e d  reg ion ,  t he  16 photomul t i p l i e r s  have acceptance bands 
360 1 wide. I n  t h e  f o c a l  p lane o f  t h e  spect rometer  camera, a mask o r  
decker can be i n s e r t e d  so t h a t  any r e s t r i c t e d  wavelength i n t e r v a l  
w i t h i n  each of t h e  bands i n  t h e  r e d  o r  b l u e  can be measured. Var ious 
s tandard "Oke-decker" p a t t e r n s  a re  a v a i l a b l e  i n  t h e  r e d  and b l u e  w i t h  
20, 40, 80, 160 and 360 s l o t s .  The g r a t i n g  can a l s o  be r o t a t e d  so 
t h a t  a  s p e c t r a l  scan i s  obta ined.  For  t h e  e c l i p s e  measurements, 
spec ia l  r e d  and b l u e  "Boeing-deckers" were const ructed.  On February 8, 
t h e  s p e c i a l l y  designed Boeing r e d  decker was used b u t  t h e  b l u e  decker 
cou ld  n o t  be i n s e r t e d  i n t o  t h e  spect rometer  and t h e  160 band, b l u e  
Oke decker #4 was used d u r i n g  t h a t  e c l i p s e .  For t h e  March and A p r i l  
ec l i pses  t h e  Boeing deckers were used i n  bo th  the  r e d  and b lue .  
There are dual  ent rance aper tu res  t o  t he  spect rometer  separ ted  by 
40 a r c  seconds. A choice o f  ent rance aper tu re  diameters i s  a v a i l a b l e  
as shown i n  Table 111-1. A chopper behind these ent rance aper tu res  
a l t e r n a t e l y  admits l i g h t  f rom f i r s t  one and then t h e  o t h e r  ape r tu re  
a t  30 Hz (see F igure  VI -2) ,  and t h e  counts f rom each ape r tu re  a re  
e l e c t r o n i c a l l y  separated. Various i n t e g r a t i o n  t imes may be se lec ted .  
I n  a d d i t i o n  t o  t he  counts,  which a re  p r i n t e d  o u t  f o r  each ape r tu re  and 
t he  20 se lec ted  channels, o t h e r  i n f o r m a t i o n  such as i n t e g r a t i o n  t ime,  
the  g r a t i n g  p o s i t i o n ,  ent rance ape r tu re  number, decker number, r i g h t  
ascension, d e c l i n a t i o n ,  da te ,  s i d e r e a l  t ime, c i v i  1 t ime,  and c e r t a i n  
alphameric i d e n t i f i c a t i o n s  can be se lec ted  f o r  p r i n t i n g  and/or punching. 
Cont ro ls  f o r  t h e  mu l t i channe l  spectrometer and t h e  da ta  systems 
are  l o c a t e d  both i n  t h e  da ta  room and a t  t h e  Cassegrain focus.  N i x i e  
tube d i sp lays  a re  l o c a t e d  i n  t h e  da ta  room f o r  t he  20 se lec ted  channels 
T A B L E  111-1 SPECTROMETER INSTRUMENT ENTRANCE APERTURES 
NO. D IAMETER DIAMETER 
(Sec a r c )  (mm) 
Separa t ion  of  holes  = 4 0 . 0 0  s e c  a r c  = 15.57 mm 
Except f o r  N o . ] ,  ape r tu re s inc rease  in  a r ea  by 
ver.y nea r ly  f ac to r s  of 2 . 0  
along w i t h  t ime,  te lescope p o s i t i o n ,  spect rometer  and da ta  system s t a t u s .  
An abbrev ia ted  d i s p l a y  i s  l o c a t e d  a t  t h e  Cassegrain focus.  
B .  Add i t iona l -Record ing  Systems 
A two channel aud io  tape reco rde r  was employed t o  keep a l o g  o f  a l l  
checkout and c a l i b r a t i o n  procedures which began about m idn igh t  f o r  each 
e c l i p s e .  One channel recorded t h e  o u t p u t  of  t he  in tercommunicat ion 
system between t h e  Cassegrain cage and t h e  da ta  room, p l u s  a l l  t h e  ac- 
t i v i  t i e s  i n  t he  data room. A second channel was used t o  r eco rd  WWV 
rece ived  a t  5 Mc. Th is  system was found p a r t i c u l a r l y  use fu l  i n  t h a t  
a  few dev ia t i ons  were made f rom t h e  planned observ ing  sequence o f  
events d u r i n g  t he  exper iment which were n o t  w r i t t e n  down a t  t h e  t ime.  
I n  a d d i t i o n  t o  audio record ing ,  a  TV camera and TV reco rd ing  system 
was used. The most impo r tan t  channels i n  t he  r e d  and b lue ,  and c i v i l  
and s i d e r a l  t ime  were d i sp layed  on N i x i e  tubes w i t h i n  t h e  f i e l d  o f  
view o f  the  TV system. Dur ing t h e  ac tua l  ec l i pses ,  o n l y  t h e  p r i n t e d  
paper tape da ta  reco rd ing  mode was used because t h e  c a r d  punch was 
slower,  r e q u i r i n g  -15 seconds t o  punch a  s e r i e s  o f  observa t ions  
a f t e r  each 10 second i n t e g r a t i o n  pe r i od .  The p r i n t e d  paper tape 
r e q u i r e d  o n l y  8 seconds t o  p r i n t  a f t e r  each 10 second i n t e g r a t i o n  
pe r i od .  I n  t he  event  o f  a  p r i n t e r  system f a i l u r e  t h e  v ideo  tape backup 
data system would have enabled da ta  r e t r i e v a l  i n  severa l  impo r tan t  
channels. I n  a d d i t i o n ,  a  standby p r i n t e r  was a v a i l a b l e .  Dur ing t h e  3 
n i g h t s  o f  observa t ion  when t h e  tape p r i n t e r  was i n  c o n t i n u a l  ope ra t i on  
t h e r e  was no f a i l u r e  o f  t h i s  o r  any o t h e r  e l e c t r o n i c  system. 
I V .  MEASUREIIEFITS 
I n  t r o d u c t i  on 
Four s a t e l l i t e  i ng ress  and one s a t e l l i t e  egress e c l i p s e s  were 
observed a t  20 d i f fe ren t .wave1eng th  bands making a t o t a l  o f  100 e c l i p s e  
l i g h t  curves. The 20 wavelength bands were s l i g h t l y  d i f f e r e n t  f o r  t he  
t h r e e  obse rva t i on  pe r i ods .  The cho ice  o f  cont inuum bands and exnected 
f ea tu res  were, i n  gene ra l ,  determined f rom t h e  l i t e r a t u r e  (K iess e t  a l . ,  
1960: S ~ i n r a d ,  1963; Owen, 1967; Sp in rad  and T r a f t o n ,  1963; and Ta.ylor, 
1965). 
A f t e r  t h e  d i s c r i m i n a t o r  curves of t h e  p h o t o m u l t i p l i e r  tubes were 
checked f o r  each channel ,  an a l t e r n a t e  cho ice  o f  channels was sometimes 
necessary because of a  bad tube.  Several  spare wavelength band passes 
were b u i l t  i n t o  t h e  deckers i n  v iew o f  t h i s  p o s s i b i l i t y .  Table  IV-1 
l i s t s  t h e  s a t e l l i t e  e c l i p s e s  t h a t  were observed i n  1971. Each observa- 
t i o n  i n c l u d e d  observa t ions  o f  t he  s t a r  HD 140253. Th i s  s t a r  was employed 
as a s tandard  s t a r  (Oke, 1971). T y ~ i c a l l j l  a  measurement sequence con- 
s i s t e d  o f  t he  f o l l o w i n g  even ts :  reduce t b e  te lescope  ape r t u re  t o  nomi- 
n a l l y  100- inches, n e x t  observe t h e  c a l i b r a t i o n  s t a r ,  then  observe t h e  
e c l i p s e  u n t i  1  t he  l i g h t  l e v e l  reaches a predetermined va lue,  then open 
t he  te lescope  t o  f u l l  a p e r t u r e  (200- inches)  and observe t h e  remainder o f  
t h e  e c l i p s e .  F i n a l l y  t h e  s tandard s t a r  was aga in  observed a t  t he  200 
i n c h  ape r t u re .  
The dus t  cover  mechanism on t h e  200- inch te lescope  can be used t o  
reduce t h e  c o l l e c t i n g  area of t h e  ~ r i r n a r v  m i r r o r .  I t  was necessarv t o  
TABLE 1V-1 SATELLITE ECLIPSE OBSERVATIONS OF J I  y J I I  y & J I I I  
SPECTROMETER 
ENTRANCE 
* AIR+ A P E R T U R E  DATE (1  971 ) SATELLITE ECLIPSE TIME (PST) Rx R,* MASS ( A R C  SEC) 
February 8 J I I  (Europa) Ingress 5:39 am -2.6 -0.5 1.8 6.94 
March 10 J I I I  (Ganymede) Ingress 2:56 am -3.2 -0.8 2.0 14.05 
Egress 5:10 am -2.0 -0.8 1.7 14.05 
April 6 J I I  (Europa) Ingress 2:22 am -2.1 -0.5 1 .8  . 5.04 
J I  (10) Ingress 4:02 am -1.8 -0.3 1.8 3.58 
* 
Rx = Distance in Jovian rad i i  from disk center ,  Eastward (para l l e l  t o  equator of 
Jup i t e r )  t o  ec l ipse  1 ocation 
* R,, = ~ i s t a n c e  in Jovian rad i i  from disk center ,  Northward (para l l e l  t o  axis  o f  
Jup i t e r )  t o  ecl i pse 1 ocat i  on 
' Air Mass = Air mass of Jup i te r  from Palomar a t  ec l ipse  time 
reduce t h e  te lescope  a p e r t u r e  t o  a  va lue  between 90 and 100 inches 
d u r i n g  t h e  e a r l y  stages o f  t h e  e c l i p s e  (mv - 5 )  t o  p reven t  sa tu ra -  
t i o n  o f  t h e  p h o t o m u l t i p l i e r  tubes i n  t h e  mu l t i channe l  spect rometer .  
When t h e  b r i gh tness  o f  t h e  e c l i p s i n g  s a t e l l i t e  was s u f f i c i e n t l y  
reduced, t he  dus t  cover  was opened comple te ly  permi tti ng measurements 
o f  t h e  s a t e l l i t e  t o  con t i nue  t o  much lower  l i g h t  l e v e l s  (m, - 1 5 ) .  
The b r i gh tness  o f  HD 140283 i s  mv = 7.3 so t h a t  obse rva t i on  a t  f u l l  
ape r t u re  presented no s a t u r a t i o n  problem. 
C a l i b r a t i o n s  us i ng  t h e  s tandard  s t a r  were performed each n i g h t  
us i ng  t he  Oke r e d  #2 and b l u e  #1 deckers and t h e  Boeing r e d  and b l u e  
deckers.  Spec t ra l  scans were made once each n i g h t  i n  10 Angstrom 
steps i n  t he  b l u e  and 20 i n  t he  red.  Subsequent c a l i b r a t i o n s  d u r i n g  
t h e  n i g h t  were then made w i t h  t h e  g r a t i n g  f i x e d  i n  t h e  nominal  p o s i -  
t i o n  (500) .  
For  each s e r i e s  of observa t ions  a  judgment o f  t h e  see ing c o n d i t i o n s  
was made and t he  s m a l l e s t  usable  spect rometer  i ns t r umen t  ape r t u re  s e l e c t e d  
(see Table 111-1).  The ins t rument  ape r t u re  s e t t i n g  was reduced when 
seeing cond i t i ons  pe rm i t t ed .  
I n  o r d e r  t o  eva lua te  t h e  sky background around t h e  s a t e l l i t e ,  
p e r i o d i c a l l y  d u r i n g  t h e  e c l i p s e ,  t h e  o b j e c t  ape r t u re  was: 1 )  moved 
o f f  the  s a t e l l i t e  toward J u p i t e r ,  2 )  moved back on t h e  s a t e l l i t e ,  
3) moved o f f  on t h e  s i d e  away from J u p i t e r ,  4 )  then  moved back on. 
Measurements were made a t  a1 1 f o u r  p o s i t i o n s .  Ex t rapo l  a t i o n  between 
t h e  two readings from t h e  o b j e c t - a p e r t u r e  ad jacen t  t o  t h e  s a t e l l i t e  
c o u l d  then  g i v e  t h e  background sky a t  t h e  s a t e l l i t e  p o s i t i o n .  Th i s  
procedure i s  r e f e r r e d  t o  as a  " s p a t i a l  scan" i n  subsequent desc r i p -  
t i o n s .  
A. February 8, 1971 Observat ion o f  Europa 
Th i s  was t h e  f i r s t  e c l i p s e  obse rva t i on  so t h a t  p a r t i c u l a r  ca re  
was taken i n  c a l  i b r a t i o n  procedures and exper imenta l  techniques.  Tab1 e  
IV-2 l i s t s  t h e  sequence o f  events .  Here a  few exp lana t i ons  o f  t h e  
abb rev i a t i ons  a re  g iven :  t h e  Oke decker Red #2 has 40 Angstrom s l i t s  
f o r  each channel .  The Oke decker Blue #4 has 160 Angstrom s l  i t s  (w ide 
open) f o r  each channel .  The te rm iv/S aperture #5 r e f e r s  t o  t h e  o r i e n -  
t a t i o n  o f  t h e  two spect rometer  i ns t r umen t  aper tu res .  The number r e f e r s  
t o  one o f  t h e  aper tu res  l i s t e d  i n  Table  111-1. The o b j e c t - a p e r t u r e  i s  
t h e  one i n  which t h e  o b j e c t  i s  be ing  observed. For  example, i n  Table  
IV-2,  a t  t ime  00:57, Observe Urunus, grating (400,20,600) S Aperture 
# 5 ,  means: w i t h  t h e  te lescope  c l osed  down t o  100 inches and Oke decker 
Red #2 and B lue  #1 i n  p lace,  measurements a t  10 second i n t e g r a t i o n  
i n t e r v a l s  were taken w i t h  Uranus i n  t h e  south ape r t u re .  The ins t rument  
ape r t u re  d iameter  was 9.92 a r c  seconds. The g r a t i n g  was s e t  a t  r ead ing  
400 (100 Angstroms below t h e  nominal p o s i t i o n )  and a  da ta  count taken.  
The g r a t i n g  was then r o t a t e d  t o  r ead ing  420 and a  da ta  count  taken.  
TABLE IV-2 SEQUENCE OF EVENTS FOR FEBRUARY 8, 1971 OBSERVATIONS 
O F  J I I  ( E U R O P A )  
TIME (PST) EVENT 
00 :00 Check out equipment, f ina l  se lect ion of channels 
Close telescope t o  100-inch ( 1 s t  s e t t i n g )  
Set  on Uranus, est imate seeing,  determine spectrometer 
entrance aperture 
Obtain 16 mrn movie sequence 
00 : 57 Oke decker Red #2 ,  Blue #1, integrat ion time 10 sec  
Observe Uranus, grat ing (400,20,600)* S aperture #5 
Observe Uranus, grat ing (600,20,400), M aperture #5 
01 :25 Boeing decker Red #0, Oke decker Blue 84 
Observe Uranus, grat ing (480,10,520) N aperture #5 
Observe Uranus, grat ing (520,10,480) S aperture #5 
01 :36 Rehearse sa te l  1 i t e  ecl i pse sequence wi t h  p r i n t e r  
only, video tape recorder,  e t c .  
02 : 04 Oke decker Red #2, Blue #1 
Observe Uranus, grat ing (400,20,600) S aperture #5 
Observe Uranus, gra t ing (600 ,20,400) N aperture #5 
02 : 24 Boeing decker Red #O, Oke decker Blue #4 
Practice sa te l  1 i t e  ecl i pse sequence 
02 : 54 Observe HD 140283, grat ing (480,10,520) N aperture #5 
Observe HD 140283, grat ing (520,10,480) S aperture #5 
03:02 Oke decker Red #2, Blue #1 
TIME (PST) EVENTS 
Observe H D  140283, grat ing (400, 10,600) N aperture #5 
Observe H D  140283, grat ing (600, 10,400) S aperture 85 
03:26 Open telescope t o  200-inch 
Boeing decker Red #O, Oke decker Blue #4 
Observe H D  140283, grat ing (500) N/S aperture #5 
04:16 Close telescope t o  100-inch (2nd se t t ing)** 
Observe H D  140283, grat ing (500) N aperture #5 
Observe H D  140283, grat ing (500) S aperture #5 
04:19 Set  on J I I  (Europa) , est imate cage r o t a t i  on, move t o  
zenith r o t a t e  cage, 16 mm sequence, Boeing decker 
s t i l l  in posit ion,grat ing s e t  a t  (500) 
Observe J I I ,  pract ice  ec l ipse  rout ine ,  on J I I ;  off  
J I Iy  toward Jup i t e r ;  on J I I ;  o f f  JIIaway from Jup i t e r .  
Observe HD 140283, grat ing (500) S aperture #4 
Observe H D  140283 grat ing (500) N aperture #4 
Set  on J I I ,  pract ice  ec l ipse  sequence 
Obscrver H D  140283, gra t ing (500) S/N aperture #4 
Set  on J I I ,  Boeing decker, grat ing (500),  100-inch 
(2nd s e t t i n g )  
J I I  Eclipse Sequence 10 sec in tegrat ion time, S 
aper ture  #4 
Repeat spa t i  a1 scan-observe sequence : 
( a )  om 0' s t a r t  a s ing le  counting sequence 
TIME (PST) EVENT 
(b )  0" 18' move toward J u p i t e r  one ape r t u re  
d iameter  (14  a r c  second) 
( c )  0 9 8 '  count  
( d )  om 46' move back on J I I  
( e )  0" 56' count  
( f )  lm 14' move o f f  J I I  away f r om J u p i t e r  one ape r t u re  
d iameter  (14"  a r c  second) 
(g )  l m 2 4 '  count  
( h )  lm 42' move back on J I I  
( i )  1" 52' count  
( j )  zm 10' r epea t  count  approx imate ly  every  18 seconds 
( k  sm 56' r epea t  sequence (a )  th rough  ( j )  
05: 30 Repeat above sequence u n t i l  counts on channel 17 
drop below 250,000 and then, 
05:40 Open te lescope  t o  200- inch ape r t u re  
Cont inue t o  observe - J I I  
05 : 53 End e c l  i p s e  observa t ion  
05 : 54 Observe HD 140283 g r a t i n g  (500) S/N ape r t u re  #4 
05 : 58 Conclude measurements 
* ( g r a t i n g  400,20,600) = Move g r a t i n g  i n  s teps  o f  20 f rom 490 t o  600. 
Some n o t a t i o n  used f o r  s t e m  of  10 between o t h e r  l i m i t s .  
** 
For te lescope  aper tu res  o t h e r  than f u l l  (200- inch)  i t  i s  n o t  
p o s s i b l e  t o  s e t  w i t h  p r e c i s i o n .  C a l i b r a t i o n s  must be performed 
f o r  each ape r t u re  l e s s  than 200. The n o t a t i o n  I s t ,  2nd . . . 



































































































































































































































































































































































































































































































































































































































































































































































































This  procedure was con t inued  up t o  g r a t i n g  s e t t i n g  600. For example, 
on Channel #5 a t  g r a t i n g  read ing  460 t h e  wavelength i n t e r v a l  measured 
was Ax 3660 t o  3680 Angstroms. 
Spec t ra l  scans were made o f  Uranus us ing  t h e  two s e t s  o f  deckers. 
The purpose was t o  observe t he  H2 d i p o l e  l i n e  and check t h e  wavelength 
p o s i t i o n  o f  t he  Boeing deckers. 
The wavelength bands observed February 8 are l i s t e d  i n  Table IV-3. 
Several c o l  umn headings a re  exp la ined  : 
CHAN. NO. i s  t h e  p h o t o m u l t i p l i e r  channel sequence number f rom 
s h o r t e s t  wavelength (b l ue )  t o  l onges t  wavelength ( r e d ) .  
SEQUE. NO. i s  t h e  sequence number assigned t o  t h e  channel.  
DECKER USED FOR OBSERV. i s  t he  decker t ype  used f o r  t h e  obser- 
v a t i o n .  The number i s  t he  phys i ca l  o r d e r  i n  which t h e  N i x i e  
tube d i s p l a y  was arranged i n  t h e  da ta  room and t h e  o r d e r  i n  
which t h a t  da ta  were p r i n t e d  o u t  on t h e  p r i n t e d  paper tape.  
B. March 10, 1971 Observat ion o f  Ganymede 
Th is  was t h e  second e c l i p s e  observa t ion  so t h a t  exper ience f rom 
t h e  e a r l i e r  observa t ion  r e s u l t e d  i n  some changes i n  exper imenta l  p ro -  
cedures. Table IV-4  l i s t s  the  sequence o f  events.  I n  a d d i t i o n  t o  a  
s p e c t r a l  scan o f  Uranus, one o f  Neptune was a l s o  accomplished t o  f u r t h e r  
TABLE IV-4 SEQUENCE OF EVENTS FOR MARCH 10, 1971 GALILLEAN 
SATELLITE ECLIPSE OBSERVATIONS JI I I (GANYMEDE) 
TIME (PST) EVENT 
0O:OO Check equipment, i c e  spect rometer ,  r o t a t e  spectrom- 
e t e r ,  dark  c u r r e n t  readings 
00:30 Close te lescope  t o  100- inch ( 1 s t  s e t t i n g )  
Oke decker Red #2, B l  ue #1, i n t e g r a t i o n  t ime  10 sec 
00 : 43 Observe Uranus, g r a t i n g  (400,20,600) N/S ape r t u re  #6 
00 : 55 Observe 10 a r c  second N of Uranus, g r a t i n g  (50C)) 
01 :00 Boeing decker Red #O, B lue  #O 
Observe Uranus, g r a t i n g  (460,20,500) M/S ape r t u re  #6 
Observe x, 10 a r c  second N o f  Uranus, g r a t i n g  (5011) 
01 :28 Observe HD 140283, g r a t i n g  (500) N/S a p e r t u r e  #6 
Oke decker Red #2, B lue  #1 
Observe HD 140283, g r a t i n g  (400,20,600) N/S ape r t u re  #6 
Open te lescope  t o  200- inch 
01 :51 Observe HD 140283, g r a t i n g  (500) , N/S ape r t u re  #6 
Boeing decker Red #O, B lue  #O 
01 :55 Observe HD 140283, g r a t i n g  (500),  N/S ape r t u re  #6 
Close te lescope  100- inch (2nd s e t t i n g )  
02 :00 Observe HD 140283, g r a t i n g  (500) ,  N/S ape r t u re  #6 
Check r o t a t i o n  o f  spect rometer  on J I I I  
02:11 Observe J I I I  g r a t i n g  (500), N/S a p e r t u r e  #6 
TIME (PST) EVENT 
02:13 Close te lescope t o  90- inch ( 1 s t  s e t t i n g )  
Observe - J I I I  g r a t i n g  (500),  N/S ape r tu re  #6 
02:17 Observe HD 140283, g r a t i n g  (500),  N/S ape r tu re  #6 
02:24 Observe J I  I I, g r a t i n g  (500) 
02 : 28 J I  I 1  E c l i p s e  Sequence (background de te rm ina t i on  i nc l uded )  
Every 5 min move off  J I I I  14  a r c  second toward Jupi ter ,  
then count,  move back t o  J I I I y  
then count ,  move o f f  3111 14 a r c  second away f rom J u p i t e r ,  
then count,  move back t o  J I I I ,  
then count,  con t inue  t o  count 
Note when count down by a f a c t o r  o f  10 i n  channels 22 & 11 
03:02 .Open te lescope t o  200- inch 
Cont inue coun t ing  w e l l  i n t o  umbra 
Repeat background de te rmina t ion  
03:13 Oke decker Red #2, Blue #1 
Observe J I l I  ( n o t  now v i s i b l e )  g r a t i n g  (400,20,600) 
S ape r tu re  #6 
03:35 Boeing decker Red #O, B lue #O 
Observe s c a t t e r e d  1 i g h t  , g r a t i n g  (500) ape r tu re  # 6  
Move 20 a r c  second from J u p i t e r ' s  l imb ,  count 
Move i n  20 a r c  second s teps away f rom J u p i t e r ,  count 
repea t  4 t imes 
03: 38 Observe HD 140283, g r a t i n g  (500), N/S ape r tu re  #6 
03 : 41 Close te lescope t o  100- inch ( 3 r d  s e t t i n g )  
TIME (PST)  EVENT 
Observe HD 140283, gra t ing (500),  N/S aperture #6 
03 : 50 Observe Neptune, gra t ing (460,20,540), N/S aper ture  #6 
Oke decker Red #2, Blue #1 
03: 58 Observe Neptune, gra t ing (460 ,20,540), N/S aperture #6 
04: 27 Observe H D  140283, grat ing (500),  N/S aperture #6 
Boeing decker Red #0, Blue #O 
04 : 33 Observe H D  140283, gra t ing (500),  N/S aperture #6 
Open telescope t o  200-inch 
04 :37 Observe H D  140283, gra t ing (500),  N/S aperture #6 
04:39 Close telescope t o  100-inch (4th s e t t i n g )  
Observe H D  140283, grat ing (500),  N/S aperture #6 
04: 49 Observe J I I I ,  gra t ing (500),  S aperture #O 
J I I I  Eclipse Egress Sequence 
Every 5 min (same as 02:30 sequence) 
05:12 Observe J I I I ,  gra t ing (500),  S aperture #5, count once 
05:15 Observe H D  140283, gra t ing (500),  S/N aperture #6 
.Close telescope t o  90-inch (2nd s e t t i n g )  
Observe H D  140283, gra t ing (500),  S aperture #5, count 
twice 
05:21 Observe 3111, gra t ing (500),  S aperture #5 
05:23 Conclude J I I I  Egress sequence 
Observe Scattered l i g h t  r ad ia l ly  away from Jun i te r  
Take dark count, rerun discriminator curves 
05 : 54 Conclude measurements 
v e r i f ~  t h e  l o c a t i o n  o f  t h e  H2 d i p o l e  band. S ince Ganymede ( J I I I )  was 
b r i g h t e r  than J I I  t h e  te lescope  ape r t u re  had t o  be reduced t o  90 inches 
f o r  t h e  i n i t i a l  n o r t i o n  o f  t h e  e c l i p s e .  Dur ing  t h e  t o t a l i t y  phase o f  
t h e  s a t e l l i t e  e c l i p s e  a  search was made f o r  any extraneous emiss ion 
from J u p i t e r ' s  n i g h t t i m e  s i d e  by  scanning J I I I  i n  wavelength.  Several  
measurements were conducted t o  eva lua te  t h e  e f f e c t s  o f  s c a t t e r e d  l i g h t  
f rom J u p i t e r .  
The te lescope  was s e t  a t  t h e  100- inch ape r t u re  s e t t i n g  t o  observe 
t h e  egress o f  Ganymede i n s t e a d  o f  s t a r t i n g  a t  f u l l  ape r t u re  (200- inch) .  
Th is  was done t o  a v o i d  l o s s  o f  t ime  i n  c l o s i n g  t h e  te lescope  down t o  a  
s m a l l e r  ape r t u re  when t h e  s a t e l l i t e  b r i g h t n e s s  reached a  l e v e l  t h a t  
would  s a t u r a t e  t he  p h o t o m u l t i p l i e r s  . A1 so, because o f  t w i  1  i ght, a 
c a l i b r a t i o n  o f  t h e  s tandard  s t a r  m i g h t  have been d i f f i c u l t .  An a n a l y s i s  
o f  t h e  da ta  has shown obse rva t i on  w e l l  i n t o  t w i l i g h t  i s  p o s s i b l e  so t h a t  
subsequent observa t ions  can be made f o r  l o n g e r  per iods .  
Table  I V - 5  l i s t s  t h e  wavelength band used f o r  Ganymede. The 
Boeing decker  B lue #O was a l t e r e d  t o  f i t  t h e  spect rometer .  For t h i s  
observa t ion ,  channel number 16 was 60 Angstroms wide t o  observe t h e  
NH3 band and channel number 17 was 120 Angstroms wide t o  b e t t e r  f it 
t h e  cont inuum than t h e  channel used i n  February.  Channel number 18, 
which had n o t  been f u n c t i o n i n g  p r e v i o u s l y  was used so t h a t  t h e  con- 
t i nuum and CH4 cou ld  be observed t o g e t h e r  i n  a  360 Angstrom band. 













































































































































































































































































































































































































































































































































































































































































































of t he  phys i ca l  d i s p l a y  o f  channels was changed so t h a t  channels 
number 3, 8, 11, 18, 20, 22, 31 would be i n  t h e  f i e l d  o f  view o f  t h e  
TV reco rde r  system. This  was done so t h a t  i n  t h e  event  o f  a  p r i n t e r  
f a i  1  u re  t h e  most s i g n i f i c a n t  data cou ld  s t i  11 be obta ined.  
C.  A p r i l  6, 1971 Observat ion o f  10 and Europa 
Ap r i  1  6  p rov ided  t h e  unique o p p o r t u n i t y  t o  observe two ec l i pses ,  
an i ng ress  o f  J I  and an ingress  o f  J I I .  Table IV-6 l i s t s  t h e  sequence 
o f  events f o r  t he  two ec l i pses .  A d d i t i o n a l  measurements were made t o  
eva lua te  t h e  s c a t t e r e d  l i g h t  e f f e c t  f r om J u p i t e r  and t he  e f f e c t  o f  
d i f f e r e n t  spectrometer ins t rument  aper tu res .  
A t  t h e  conc lus ion  o f  t h e  second e c l i p s e  observa t ion ,  a  s e r i e s  o f  
t w i l i g h t  measurements were made a t  -23' d e c l i n a t i o n .  The purpose o f  
these measurements was t o  determine t h e  sky b r i gh tness  under t h e  
same c o n d i t i o n s  t h a t  w i l l  p r e v a i l  d u r i n g  an egress o f  J IV  i n  1972. 
The wavelength bands used f o r  t h e  A p r i l  6 observa t ion  a re  l i s t e d  
i n  Table IV-7. Several changes were made f rom t h e  February and March 
wavelength bands. Channel number 13, a  continuum p l u s  CH4 region, was 
used and t h e  b l u e s t  band, 3160 t o  3320 Angstroms, was e l im ina ted .  
Channel number 18, 5640 t o  6000 Angstroms, was a l s o  e l im ina ted .  
I n  summary, a1 1  t h e  planned observa t ions  were made. Seeing con- 
d i t i o n s  were n o t  always i d e a l  and a re  d iscussed i n  Sec t ion  V I ,  Data 
Reduct ion. There was no ma l f unc t i on  o f  any e l e c t r o n i c  equipment. 
Dur ing  t h e  t w i l i g h t  measurements t h e  wind screen was found t o  be 
TABLE IV-6 SEQUENCE OF EVENTS FOR APRIL 6 ,  1971 
GALILLEAN SATELLITE ECLIPSE OBSERVATIONS J I  (10) AND J I  I ( E U R O P A )  
TIME (PST) EVENT 
Check equipment, i ce  spectrometer, r o t a t e  spectrom- 
e t e r ,  dark current  readings 
00: 1 2  Open telescope t o  200-inch 
Oke decker Red #2, Blue #1 
Observe H D  140283, grat ing (370,20,600) S/N aperture #3 
Observe H D  156074, grat ing (370,390,420,500,550,570,589, 
600) S/N aperture #3 
Boeing decker Red #O, Bl ue #O 
Observe Sky near J I I ,  between J I  and JIV, aperture #3 
Check rota t ion 
01 :39 Close telescope t o  90-inches (1 s t  s e t t i ng )  
Observe 31, grating (460, 20, 540) S aperture #2, 
#3, #1 
01 :48 Observe - J I I ,  grat ing (500) S aperture #3 
01 : 53 Observe H D  140283, grat ing (500) S/N aperture #3 
01 :59 J I I  Eclipse Sequence, grat ing (500) S aperture #3 
Every 5 min move off J I I  toward Jup i t e r ,  count 
move back on J I I  count 
move off  J I I  away from Jup i t e r ,  count 
move back on J I I ,  count 
con t i nue count 
TIME (PST) EVENT 
Note when count down by a  f a c t o r  o f  8  i n  channels 
22 and 11 
02:22 .Open te lescope t o  200-inch 
Continue count ing i n t o  umbra 
Repeat background determinat ion 
Complete J I  I e c l i p s e  measurement 
Observe HD 140283, g r a t i n g  (500) N/S aper tu re  #3 
Observe sca t te red  1  i g h t  from J u p i t e r ,  g r a t i n g  (500) 
Set aper tu re  #1 move t o  cen te r  J u p i t e r  
Move i n  RA one J u p i t e r  rad ius  o f f  W 1 imb, count 
Set aper tu re  #2, count 
Move i n  RA two J u p i t e r  r a d i i  o f f  W l imb,  count 
Move i n  RA t h ree  J u p i t e r  r a d i i  o f f  W l imb, count 
Set aper tu re  # 3 ,  count 
Move i n  RA f o u r  J u p i t e r  r a d i i  o f f  W l imb,  count 
Set aper tu re  #4, count 
Move i n  RA f i v e  J u p i t e r  r a d i i  o f f  W l imb,  count 
Move i n  RA s i x  J u p i t e r  r a d i i  o f f  W l imb,  count 
Move i n  RA th ree  J u p i t e r  r a d i i  o f f  W 1 imb 
aper tu re  # I ,  count 
aper tu re  #2, count 
aper tu re  #3, count 
aper tu re  #4, count 
aper tu re  #5, count 
TIME (PST) EVENT 
Set aperture #6, count 
Set  aperture #7, count 
Dark count, 50 second in tegrat ion time 
Sky evalution 
Aperture # 2 ,  count 
Aperture #3, count 
Aperture #4, count 
Aperture #6, count 
Aperture #7, count 
Long count near H D  140283, grat ing (500) 
aperture #3, 100 sec in tegrat ion 
03:36 Close telescope t o  90-inch (2nd s e t t i n g )  
Observe H D  140283, grat ing (500) N/S aperture #3 
03:45 J I  Eclipse Sequence, grat ing (539) S aperture #2 
Every 5 min repeat off  and back seauence (see 01 : 59 
position f o r  d e t a i l s )  
Note when count down by fac to r  of 4 in channels 22 
and ll ,  then 
04:01 Open telescope to  200-inch 
Continue counting i n to  umbra 
04:16 Complete J I  ec l ipse  measurements 
Evaluate Sky near H D  140283 
Sky, grat ing (500) aperture- #7, 100 sec  integration 
-
TIME (PST) EVENT 
Observe H D  140283, grat ing (500) N/S aper ture  #2 
Evaluate twi l igh t  background a t  -23" decl inat ion,  
grat ing (500) N/S aperture #7,  continue t o  count 
Continue count 
Aperture #6, continue count 
Aperture #5, continue count 
Aperture #4,  continue count 
Aperture #2,  continue count 
Aperture #4, continue count 
Aperture #1 , continue count 
Completed measurement, wind screen found t o  be i n  





































































































































































































































































































































































































































































































































































































































































































































































p a r t i a l l y  b l o c k i n g  t h e  f i e l d  o f  v iew and t h e  obse rva t i on  was concluded. 
However, t h e  e c l  i ?se da ta  sought were appa ren t l y  ob ta i ned  s a t i s f a c -  
t o r i l y .  So f a r ,  we have n o t  been ab le  t o  a s c e r t a i n  t h e  p r e c i s e  t ime  
o f  w ind  screen ma l f unc t i on  from t h e  audio  tapes.  I t  i s  f e l t  t h a t  i t  
f a i l e d  a f t e r  v i ew ing  t h e  s tandard  s t a r  a t  t h e  conc lus ion  o f  the  10 
observa t ions .  
V .  CALIBRATIONS 
The i n i t i a l  p o i n t  on each o f  t h e  l i g h t  curves ob ta i ned  d u r i n g  
t h r e e  e c l i p s e s  has been reduced t o  an abso lu te  monochromatic f l u x  
above t h e  e a r t h ' s  atmosphere. The t h r e e  e c l i p s e s  so ana1,yzed were 
those o f  10, Ap r i  1  6,  1971 ; Europa, A p r i  1  6,  1971 ; and t h e  Ganymede 
i ng ress ,  March 10, 1971. The reduc t i ons  were performed w i t h  a  code 
k i n d l y  made a v a i l a b l e  t o  t h e  au thors  by Dr. J. B.  Oke. The r e s u l t s  
a re  presented i n  Table V-1, 2, and 3. . It i s  es t imated  t h a t  t h e  
s tandard d e v i a t i o n  o f  t h e  da ta  i n  t h e  Magnitude Column does n o t  exceed 
+ 0.05 magnitude, except  f o r  t h e  da ta  marked w i t h  t h e  co lon  (:) ,  
- 
i n d i c a t i n g  more u n c e r t a i n t y  . 
TABLE V-1  
ABSOLUTE FLUX ABOVE THE EARTH ' S ATMOSPHERE 
10, April 6, 1971 
BANDPASS CENTER MONOCHROMATIC FLUX, LOG MONOCHROMATIC FLUX 
MAGNITUDES (8  (-2.5 log fv -48.60) (logl0 f,, erg crn-2sec-1~z-1) 
TABLE V - 2  
ABSOLUTE FLUX ABOVE THE EARTH'S ATMOSPHERE 
Europa, April 6, 1971 
BANDPASS CENTER MONOCHROMATIC FLUX LOG MONOCHROMATIC FLUX 
MAGNITUDES 
(1 -1 -1 (2.5 log f -48.60) (logl0 f", erg crn-'sec Hz ) 
v 
TABLE V-3 
ABSOLUTE FLUX ABOVE THE EARTH ' S ATMOSPHERE 
Ganymede, March 10, 1971 
BANDPASS CENTER MONOCHROMATIC FLUX LOG MONOCHROMATIC FLUX 
MAGI\I,ITUDES 
(1) (-2.5 l o g  f v -48.60) (logl0 f v ,  e r g  cm-'sec'l HZ-I ) 
V I .  DATA REDUCTION 
I n t r o d u c t i o n  
I n  t h i s  s e c t i o n  t he  technique used t o  o b t a i n  t he  s a t e l l i t e  e c l i p s e  
l i g h t  curves f rom the  raw da ta  i s  descr ibed.  A d e t a i l e d  d e s c r i p t i o n  of 
t he  measurement sequence was presented i n  Sec t i on  I V .  B r i e f l y ,  t h e  
te lescope  was stopped down t o  nomina l l y  100 inches and a f t e r  observ ing  
t he  s tandard  s ta r ,  obse rva t i on  o f  t h e  sate1 li t e  was begun. P r i o r  t o  
i n i t i a t i o n  o f  t h e  e c l i p s e  i ng ress  , occas iona l  sky da ta  were ob ta ined  
j u s t  e a s t  and j u s t  west  o f  t h e  s a t e l l i t e  p o s i t i o n .  A f t e r  e c l i p s e  
i ng ress  had proceeded t o  a  predetermined count  l e v e l  t h e  te lescope  was 
opened t o  t he  f u l l  200- inch aper tu re .  Observat ions were con t inued  w e l l  
a f t e r  t he  s a t e l l i t e  was i n d i s t i n g u i s h a b l e  a g a i n s t  t h e  background sky. 
The s tandard  s t a r  was aga in  observed. A  s e r i e s  o f  measurements was 
ob ta i ned  approx imate ly  every 18 seconds c o n s i s t i n g  o f  sky background 
counts and s a t e l l i t e  p l u s  background counts i n  20 wavelength bands. 
These da ta  were then reduced t o  o b t a i n  t he  e c l i p s e  l i g h t  curves.  
An e c l i p s e  l i g h t  curve i s  a  p l o t  o f  t he  darkening,  i n  magnitudes, r e l a t i v e  
t o  t he  p r e - e c l i p s e  b r i g h t n e s s ,  versus u n i v e r s a l  t ime  (see F igure  V I - l a ) .  
The f i r s t  s t e p  i n  t h e  r e d u c t i o n  procedure was removal o f  t h e  background 
sky b r i gh tness  f rom t h e  o b j e c t  ( sky  background p l us  s a t e l l i t e )  data.  
Two methods have been employed. One i s  t o  determine a  "balance f a c t o r " ,  
t he  re1  a t i  ve sens i  ti v i  ty o f  t he  two spect rometer  ape r t u res .  See F i  qure 
VI-2. Using t h i s  ba lance f a c t o r ,  t he  count  ob ta i ned  f rom t h e  o b j e c t  
ape r t u re  was ad jus ted  by s u b t r a c t i n g  a  c o r r e c t e d  sky b r i g h t n e s s .  The 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The drawback t o  t h i s  dual  a p e r t u r e  sky removal techn ique  i s  t h a t  t he  
r e s i d u a l  t r u e  o b j e c t  count ob ta ined  s u f f e r s  f rom the  f l u c t u a t i o n s  i n  
b o t h  t h e  o b j e c t  and sky counts r e l a t i v e  t o  t h e i r  mean, and no advantage 
i s  taken  o f  t h e  p o s s i b i l i t y  t o  averaqe a  number o f  sky counts and hence 
t o  o b t a i n  an improved c o r r e c t e d  o b j e c t  b r i g h t n e s s .  The l a c k  o f  these 
re f inements  i s  o f  no consequence d u r i n g  t h e  b r i g h t e r  p o r t i o n s  o f  t h e  
e c l i p s e ,  b u t  d u r i n g  t h e  r e f r a c t i v e  t a i l  p o r t i o n  i t  i s  d e s i r a b l e  t o  u t i l i z e  
any re f inement  poss ib l e .  Hence t he  o t h e r  method employed, t he  -- curve f i t  
sky removal techn ique ,  ~ t i  1  i zes a curve,  1  e a s t  squares f i t t e d  th rough  
t h e  o b j e c t  counts observed a f t e r  t h e  s a t e l l i t e  had become i n v i s i b l e  t o  
t h e  spect rometer .  Th is  curve was then e x t r a p o l a t e d  t o  e a r l i e r  t imes 
p r i o r  t o  sa te1  1  i t e  disappearance. By s u b t r a c t i n g  t h i s  e x t r a p o l a t e d  sky 
count  f rom t h e  o b j e c t  count t h e  c o r r e c t e d  o b j e c t  count  was ob ta i ned  as 
i l l u s t r a t e d  i n  F i qu re  V I - l b .  Th is  method was employed t o  c o r r e c t  t h e  
impo r tan t  r e f r a c t i v e  t a i l  p o r t i o n  o f  t h e  l i g h t  curves ob ta ined  d u r i n g  
t imes o f  good sky s t a b i l i t y .  
The general  s u b j e c t  o f  sky removal f rom t h e  da ta  has i n t r oduced  
t h e  n e c e s s i t y  o f  de te rmin ing  ba lance f a c t o r s .  Hence t h i s  s u b j e c t  i s  
d iscussed below i n  more d e t a i l .  There i s  a l s o  t h e  necess i t y  o f  de te rmin ing  
t h e  change i n  e f f e c t i v e  s e n s i t i v i t y  o f  t h e  system i n t r oduced  by us i ng  
d i f f e r e n t  te lescope  c o l l e c t i n g  areas. Th i s  s u b j e c t  i s  d iscussed below. 
Next t h e r e  i s  a  summary of t h e  t ime  s c a l e  c o r r e c t i o n  procedure.  A 
d i s cuss ion  of e r r o r s  f o l l o w s .  F i n a l l y ,  a l l  t h e  elements o f  t he  da ta  
r e d u c t i o n  procedure a re  summarized. 
1. Balance Factors  
The p r imary  advantage o f  a  dual  a p e r t u r e  spect rometer  i s  t h a t  s imultaneous 
observa t ions  may be made bo th  o f  an o b j e c t  and o f  t he  ad jacen t  sky background. 
The counts r ece i ved  i n  t h e  o b j e c t  a p e r t u r e  a l s o  i n c l u d e  counts f rom t h e  
sky background. I n  p r i n c i p l e ,  t he  sky background may be removed by 
s u b t r a c t i o n .  However, t h e r e  i s  always t h e  p o s s i b i l i t y  o f  an imbalance 
o r  d i f f e r e n c e  i n  response when a  s i g n a l  o f  t he  same s t r e n g t h  i s  observed 
f i r s t  i n  one ape r t u re  and then  i n  t h e  o t h e r  because o f  s e n s i t i v i t y  
v a r i a t i o n s  over  t h e  photo tubes,  geomet r i ca l  e f f e c t s ,  e t c .  I n  t he  case 
o f  t he  p resen t  exper iment,  t h e r e  i s  an a d d i t i o n a l  problem. There i s  a  
d i f f e r e n c e  o f  sky background i n  t h e  two aper tu res  occasioned by  t h e  s l i g h t  
d i f f e r e n c e  i n  s c a t t e r e d  l i g h t  which a r i s e s  f rom t h e  d i f f e r e n t  d i s t ances ,  
r1 and r2, o r  the  two aper tu res  f rom t h e  nearby, ve ry  b r i g h t  l i m b  o f  
J u p i t e r  (see F igu re  VI-2). I n i t i a l l y ,  rl and rp were approx imate ly  t he  
same, b u t  they  changed and a t  a  d i f f e r e n t  r a t e  du r i ng  t h e  t y p i c a l l y  
40-minute obse rva t i on  sequence. Therefore,  a  balance f a c t o r  i s  r e q u i r e d  
t h a t  i s  unique n o t  o n l y  t o  t h e  spec t romete r  wavelength channel b u t  a l s o  
t o  the  p a r t i  c u l  a r  obse rva t i on .  
The procedures employed t o  o b t a i n  these balance f a c t o r s  and t h e  
co r rec ted  o b j e c t  counts were these. F i r s t  an average was ob ta ined  f o r  
the o b j e c t  t o  sky r a t i o  ove r  10 o r  more counts a  l i t t l e  a f t e r  t h e  
s a t e l l i t e  was judged t o  be i n d i s t i n g u i s h a b l e  aga ins t  t h e  sky background -- 
" s a t e l l i t e - d i s a p p e a r a n c e " .  Then t h e  c o r r e c t e d  sky count was s u b t r a c t e d  
from t h e  o b j e c t  count t o  y i e l d  t h e  t r u e  o b j e c t  count.  The n o t a t i o n  






















































































































Table IV-1 N o t a t i o n  Used f o r  Balance Fac to r  Ca l cu l a t i ons  
Subsc r i p t  i - denotes t h e  count ,  i = l  , . . . ,100+ depending on t h e  number o f  
i n t e g r a t i o n s  performed. 
Subsc r i p t  j - denotes t h e  wavelength band, j = l  , . . . ,20. 
Supe rsc r i p t  k - denotes an i t e r a t i o n  i n  c a l c u l a t i n g  t h e  c o r r e c t e d  o b j e c t  
count o r  ba lance f a c t o r .  
Cij - denotes t h e  number o f  counts observed i n  t he  o b j e c t  ape r t u re  
on t h e  i t h  obse rva t i on  i n  t h e  j t h  wavelength channel 
'ij - s i m a r l y  denotes t he  number o f  counts i n  t h e  sky ape r t u re  
- denotes t h e  c o r r e c t e d  o b j e c t  counts on t h e  k t h  i t e r a t i o n  
'ij 
B F ~  - denotes t he  ba lance f a c t o r  f o r  t he  j t h  wavelength channel j 
ob ta ined  on t h e  k t h  i t e r a t i o n .  
CF! - a  c o r r e c t i o n  f a c t o r ,  d iscussed below, f o r  a l l  channels on 
t h e  i t h  count  and ob ta i ned  on t h e  k t h  i t e r a t i o n .  
NL,NH - f i r s t  and l a s t  va lues o f  i i n  t h e  i n t e r v a l  i n  which t h e  
average ba lance f a c t o r  i s  ob ta ined .  
Hence 
where 
Note t h a t ,  i n  p r i n c i p l e ,  t h e  guess as t o  "sate1 1  i t e - d i  sappearance" 
may have been e a r l y .  E f f o r t  was made t o  make t h e  guess as soon as p o s s i b l e  
a f t e r  d isappearance so t h a t  t h e  d i f f e r e n t  r a t e s  o f  change o f  rl and re 
would be i n s i g n i f i c a n t .  Hence, i n  de te rmin ing  t h e  ba lance f a c t o r ,  two 
i t e r a t i o n s  were used. On t h e  f i r s t ,  c:;' = cYj was s e t  equal  t o  0. 
The f i r s t  and second i t e r a t i o n  ba lance f a c t o r s  d i f f e r e d  by o n l y  a few 
p a r t s  i n  l o 5 ,  t y p i c a l l y .  
An a d d i t i o n a l  phenomenon was observed i n  reduc ing  the  data.  The 
o b j e c t l s k y  r a t i o  i n  each channel v a r i e d  s y s t e m a t i c a l l y  r e l a t i v e  t o  t he  
channel average, f rom one obse rva t i on  t o  t h e  n e x t  a f t e r  t h e  s a t e l l i t e  
had disappeared. Th is  suggested t h a t  a  f u r t h e r  improvement i n  t h e  
c o r r e c t i o n  procedure m igh t  be employed i n  which t he  sky read ing ,  on any 
g iven  obse rva t i on ,  would be c o r r e c t e d  by an a d d i t i o n a l  f a c t o r  determined 
from - a l l  t h e  wavelength channels.  Th is  c o r r e c t i o n  f a c t o r ,  CF, e s s e n t i a l l y  
notes how t h e  p a r t i c u l a r  o b j e c t l s k y  r a t i o  on t h e  i t h  obse rva t i on  and 
averaged ove r  a l l  20 channels d i f f e r e d  f rom t h e  mean o b j e c t l s k y  r a t i o  
ob ta i ned  f rom averag ing  ove r  a l l  20 channels and over  t h e  i n t e r v a l  
i=NL t o  NH. Q u a n t i t a t i v e l y  : 
k  CF. = 
1 ( V I  -3)  
Th is  l a s t  f a c t o r  i n  VI -3  weights  t he  i n d i v i d u a l  channel 0.  .ISi 
1J  
r a t i o s  acco rd i ng  t o  t h e  number of counts .  The denominator i n  t h e  f i r s t  
f a c t o r  on t h e  r i g h t  s i d e  o f  equa t i on  VI-3 normal izes C F ~  t o  u n i t y ,  i 
on t he  average. Equat ion VI-1,  which g i ves  t h e  c o r r e c t e d  o b j e c t  counts ,  
then becomes 
k - k k Ci j  - Oij - Sij x BF. x CFi 
J 
To summarize, a  two-s tep i t e r a t i o n  procedure was employed. The 
c!.'s were determined f rom equa t ion  VI -4  u s i n g  ba lance f a c t o r s  ob ta i ned  
' 3  
w i t h  equa t ion  V I -2  and c o r r e c t i o n  f a c t o r s  ob ta i ned  w i t h  equa t ion  VI -3 .  
2. Telescope Aper tu re  Area Rat ios  
I n  o r d e r  t o  r e l a t e  t h e  data ob ta i ned  p r i o r  t o  opening t he  te lescope t o  
200- inch t o  t h e  da ta  ob ta i ned  a f t e r ,  i t  was necessar-y t o  determine t he  
e f f e c t i v e  system s e n s i t i v i t y  change. Th i s  can be done by comparing t h e  
c o r r e c t e d  count  r a t e  ob ta i ned  when observ ing  a s tandard  s t a r  b e f o r e  and 
a f t e r  f u l l y  opening t h e  dus t  cover .  Th i s  procedure was used i n  reduc ing 
the  February i ng ress  data.  However, an a l t e r n a t e  procedure was employed 
w i t h  t he  March and A p r i l  data .  The r a t i o  was ad jus ted  u n t i l  t he  e c l i p s e  
l i g h t  curves m a n i f e s t  a  smooth cont inuous f a l l o f f .  Th is  a l t e r n a t e  
technique was employed because t h e  f i r s t  techn ique  d i d  n o t  q i v e  r i s e  t o  
smooth l i g h t  curves i n  a l l  cases. I t  i s  suspected t h a t  t h e  spect rometer  
responds d i f f e r e n t l y  t o  an extended source, t h e  sate1 1 i t e  image, than 
t o  a  p o i n t  source, a  s tandard  s t a r .  It was a l s o  no ted  t h a t  t h e  e f f e c t i v e  
c o l  l e c t i n g  area r a t i o  i s  s  1  i g h t l y  channel (wave l e n g t h )  dependent. 
Care fu l  i n s p e c t i o n  o f  t h e  curves i n  P a r t  Two f o r  t h e  Ap r i  1  i ng ress  o f  
Europa evidences t h i s  e f f e c t .  However, because t h e  magnitude o f  t h e  
e f f e c t  i s  s i g n i f i c a n t l y  l ess  than t he  u n c e r t a i n t y  i n  t h e  da ta  p o i n t s  
i n  t h e  r e f r a c t i v e  t a i l ,  f u r t h e r  c o r r e c t i o n  o f  t he  area r a t i o  f a c t o r  f o r  
each channel was n o t  done f o r  t h i s  r e p o r t .  
4 7 
3. Time Scale Conversion 
The t ime  s c a l e  f o r  t h e  e c l i p s e  l i g h t  curves was ob ta i ned  i n  t h e  f o l l o w i n g  
manner. P r i o r  t o  beg inn ing  t h e  data g a t h e r i n g  sequence, a  b l o c k  o f  
spect rometer  and system c o n f i g u r a t i o n  i n f o r m a t i o n  was p r i n t e d  o u t  ( I D  ca rd )  
Th i s  da ta  i n c l u d e d  bo th  P a c i f i c  Standard Time and S ide rea l  Time. Each 
n i g h t ,  PST was s e t  by W W V  t o  1/10 o f  a  second. The s i d e r e a l  t ime  was 
a l s o  p r i n t e d  o u t  w i t h  each s e t  o f  count data.  The t ime  p r i n t e d  was t h e  
s i d e r e a l  t ime  a t  t h e  conc lus i on  of  t h e  10.007 second i n t e g r a t i o n  pe r i od .  
These s i d e r e a l  t imes were conver ted  t o  UT us i ng  t h e  UT e q u i v a l e n t  o f  t h e  
i n i t i a l  PST and t h e  UT i n t e r v a l  e q u i v a l e n t  o f  t he  s i d e r e a l  t ime  i n t e r v a l  
s i n c e  t h e  i n i t i a l  i n s t r umen t  c o n f i g u r a t i o n  s i d e r e a l  t ime .  I n  t h i s  manner, 
t h e  UT a t  t he  conc lus i on  o f  each i n t e g r a t i o n  p e r i o d  was ob ta ined .  Hence 
t h e  s i d e r e a l  t ime  p r i n t e d  o u t  f o r  each i n t e g r a t i o n  p e r i o d  was used as 
a t ime  i n t e r v a l  measure. The r e s u l t i n g  UT's a re  t h e r e f o r e  es t imated  
t o  be accura te  t o  - +0.1 sec. 
4. E r r o r s  
E r r o r s  i n  t he  c o r r e c t e d  count  data a r i s e  f rom a t  l e a s t  t h r e e  sources.  
( a )  The l i g h t  f rom t h e  o b j e c t  may have p a r t i a l l y  missed t h e  spect rometer  
en t rance  ape r t u re  due t o  see ing  v a r i a t i o n s  and gu i  d i  n g / s e t t i  ng e r r o r s .  
( b )  The e f f e c t i v e  t r ansm iss i on  and seeing o f  t h e  atmosphere no doubt 
v a r i e d  t o  some degree f rom i n t e g r a t i o n  p e r i o d  t o  i n t e g r a t i o n  p e r i o d  
g i v i n g  r i s e  t o  v a r i a t i o n s  i n  bo th  t he  o b j e c t  and sky counts .  And f i n a l l y ,  
( c )  There a re  i n h e r e n t  v a r i a t i o n s  i n  t h e  count  r a t e  due t o  photon 
s t a t i s t i c s .  
An es t ima te  o f  e r r o r  ( a )  can be made by  examining t he  f i r s t  10 o r  
15 minutes o f  t h e  observa t ions  be fo re  any darkening occurred.  See, f o r  
example, P a r t  Two, page 141, J I I ,  Ah5600 t o  5720 Angstroms, and t h e  
cor responding data i n  Pa r t  Three. The s tandard  d e v i a t i o n  o f  t he  magni- 
tudes employed t o  o b t a i n  t he  zero magnitude count i s  0.04 magnitudes. 
Since t h i s  e r r o r  w i l l  always be a c e r t a i n  f r a c t i o n  o f  t h e  t o t a l  counts ,  
on a  magnitude s c a l e  t h e  e r r o r  w i l l  always be a cons tan t .  Th is  e r r o r  i s  
immediate ly  v i s i b l e  f rom an e c l i p s e  l i g h t  curve,  and i s  l e s s  than the  
e r r o r  f rom sources ( b )  and ( c )  i n  t h e  impo r tan t  r e f r a c t i v e  t a i l  p o r t i o n  
o f  t h e  l i g h t  curves.  I t  has, t h e r e f o r e ,  n o t  been i n c l u d e d  i n  t he  e r r o r  
bars on t h e  f i n i s h e d  e c l i p s e  1 i g h t  curves.  
E r r o r  sources ( b )  and ( c )  may most e a s i l y  be t r e a t e d  t oge the r .  
When t h e  sky i s  very  s t a b l e ,  t h e  s tandard  d e v i a t i o n  o f  t he  pos t  disappearance, 
uncor rec ted  o b j e c t  count r a t e  s c a t t e r  about t h e  mean i s  a  good es t ima te  
o f  t he  s i g n i f i c a n c e  o f  the  u n c e r t a i n t y  i n  t h e  background sky removal. 
I t  i s  t h i s  error which i s  shown as error bars on the  ec l ipse  l i g h t  curves 
between t he  t ime t h e  te lescope was f i r s t  opened t o  200 inches and t he  
l a s t  p o i n t  p r i o r  t o  when t he  curve f i r s t  f e l l  below 1 a above zero  counts .  
Q u a n t i t a t i v e  d e t a i l  on t h i s  e r r o r  i s  presented i n  P a r t  Three f o r  t h e  
A p r i l  5, 1971 e c l i p s e  o f  Europa. Dur ing  t h a t  p a r t i c u l a r  e c l i p s e  t h e  
u n c e r t a i n t y  i n  t h e  background sky  due t o  sources ( b )  and ( c )  was o n l y  -1.5 
t imes t he  l i m i t i n g  photon s t a t i s t i c a l  u n c e r t a i n t y .  
5. Summary o f  Data Reduct ion Procedures 
Table V I - 2  summarizes t h e  reg ions  o f  a p p l i c a t i o n  o f  t he  va r ious  data reduc-  
t i o n  procedures.  On t h e  f i r s t  and t h i r d  events ,  b a s i c a l l y  poor  da ta  prevented 
use o f  t h e  p r e f e r r e d  curve f i t sky removal method. A d d i t i o n a l  numer ica l  

































































































































































































































































































































































































































































































V I I .  DATA ANALYSIS 
I n t r o d u c t i o n  
Al though t h i s  r e p o r t  i s  p r i m a r i l y  in tended t o  document o n l y  obser- 
va t i ons  and bas i c  da ta  reduc t i on ,  some cursory  ana l ys i s  has been 
performed i n  t h i s  s tudy .  The r e a l  s i g n i f i c a n c e  o f  t h e  observa t ions  
becomes ev iden t  when d e t a i l e d  i n t e r p r e t a t i o n s  a re  made which y i e l d  an 
i n s i g h t  i n t o  t he  composi t ion,  phys i ca l  s t r u c t u r e ,  and geometry o f  t h e  
Jov i  an atmosphere and s a t e l  1  i tes .  A1 though t h e  a n a l y s i s  o f  t h e  r e s u l t s  
i s  p re l im ina ry ,  t h i s  s e c t i o n  has been i nc l uded  as p a r t  o f  t h e  r e p o r t  
because i t  demonstrates t h e  p o t e n t i a l l y  s i g n i f i c a n t  i n t e r p r e t a t i o n s  
t h a t  can be drawn f rom t h i s  da ta  and f rom f u t u r e  observa t ions  o f  t h i s  
t ype  
A. The The0r.y o f  E c l i p s e  L i g h t  Curves 
1. The Basic  Re la t ionsh ips  
A b a s i c  equa t ion  f o r  t he  ang le  of r e f r a c t i o n ,  or, exper ienced 
by a  l i g h t  r ay  which t a n g e n t i a l l y  t r ave rses  t he  atmosphere o f  J u p i t e r  
i n  a  g raz ing  inc idence  pa th  i s  d e r i v e d  by Baum and Code (1953) and i s  
g iven  by 
1- 
= ( 2 ~ r ~ a ) ~  ( n o - l ) e  -a ( r l  - r O )  O r  ( V I I - 1 )  
(See Table V I I - 1  f o r  n o t a t i o n . )  
The assumptions i m p l i c i t  i n  t h i s  r e s u l t  a re :  
( a )  t h a t  J u p i t e r  i s  sphe r i ca l  
( b )  t h a t  i t  i s  surrounded by an i so therma l ,  homogeneous 
atmosphere 
TABLE V I I - 1  NOTATION 
a. . . . Reciprocal  sca le  he igh t ,  1/H. [km- '1  
A. . . . A  cons tan t  used i n  equa t ion  (V I I - 18 )  t o  conso l i da te  o t h e r  
constants .  
A(x,y) . F r a c t i o n a l  beam s t r e n g t h  reduc t i on  f a c t o r  p h y s i c a l l y  produced 
by s c a t t e r i n g ,  absorp t ion  and c l o u d  t o p  c u t o f f .  A f u n c t i o n  
of  t h e  wavelength band under cons ide ra t i on  and o f  (x,y) i n  
t h a t  these d e f i n e  a  unique path through t h e  Jov ian  atmosphere 
[dimension1 ess] 
B. . . . A l i m b  darkening cons tan t  (See Equat ion V I I - 18 ) .  A lso t h e  
d i s tance  shown i n  F igure  V I I - 1 .  [km] 
C. . . . Same as B y  1 s t  usage. 
DJM. . . Dis tance f rom J u p i t e r  t o  t h e  s a t e l l i t e  under s tudy.  [km] 
DSJ. . . Dis tance f rom t h e  sun t o  J u p i t e r .  [km] 
E .  . . . He igh t  above t he  reference rad ius ,  ro, i n  J u p i t e r ' s  
atmosphere i n  sca le  he igh t  u n i t s .  E = ( r l  - ro ) /H .  
h .  . . . He igh t  above the  re ference a l t i t u d e ,  ro. [km] 
H. . . . Scale h e i g h t  a t  ro. [km] 
H(h)  . . Scale h e i g h t  as a  f u n c t i o n  of h.  [km] 
I ( x )  . . S o l a r  rad iance  ( a c t u a l l y  t h e  rad iance  i n t e g r a t e d  over  z f rom 
t h e  upper t o  lower  l imb  a t  x )  p e r  u n i t  o f  x and pe r  u n i t  o f  
s o l i d  angle,  i n  t h e  d i r e c t i o n  of J u p i t e r ,  and w i t h i n  t he  sub- 
j e c t  wavelength band. [wa t t / s r .  km] 
J I - J I V  . The G a l i l e a n  s a t e l l i t e s  o f  J u p i t e r .  
K1 . . . A c o n s o l i d a t i o n  o f  o t h e r  constants  (See Equat ion VII-6). 
L ( x )  . . The f r a c t i o n a l  s o l a r  i l l u m i n a t i o n  ( r e l a t i v e  t o  t h e  t o t a l  
d i s k )  p e r  u n i t  of x, p e r  u n i t  s o l i d  angle i n  t h e  d i r e c t i o n  
of J u p i t e r ,  and w i t h i n  t h e  s u b j e c t  wavelength band. See 
Equat ion V I I - 5 .  
n  ,n ( h )  ,n,(h). The index  o f  r e f r a c t i o n  o f  e l e v a t i o n  h  and wavelength 
A .  [d imension less]  
no . . . The index  o f  r e f r a c t i o n  a t  t h e  re fe rence  rad ius  ro. I m p l i c -  
t l y  t h i s  i s  due t o  H2 and He and i s  n o t  near  an absorp- 
t i o n  l i n e .  [d imension less]  
Nx(h ) .  . The number d e n s i t y  of spec ie  x a t  a l t i t u d e  h. [ # / u n i t  
v o l ]  
P(h) . . The pressure as a  f u n c t i o n  o f  a1 t i t u d e  h. 
Px(h) .  . The p a r t i a l  p ressure  due t o  spec ie  x as a  f u n c t i o n  o f  
a l t i t u d e  h .  
ro . . . The re fe rence  r a d i u s  a t  which n  = no. [km] 
r l  . . . The d i s tance  of c l o s e s t  approach o f  a  ray .  See F igu re  V I I - 1 .  
[kml 
RJ . . . The nominal r a d i u s  of J u p i t e r .  We have taken ro = RJ. [km] 
R M  . . . The r a d i u s  of t h e  s a t e l l i t e  ('moon') under d iscuss ion .  [km] 
RS . . . The r a d i u s  of t h e  sun. [km] 
U. . . . A l i m b  darkening cons tan t ,  a  f u n c t i o n  o f  wavelength. See 
d iscuss ion  a f t e r  Equat ion VI I -16.  [d imensionless] 
V. . . . S i m i l a r  t o  U. 
x .  . . . The l e n g t h  a x i s  cen te red  on t h e  sun and shown i n  F i gu re  V I I - 1 .  
[km] A lso  a  s u b s c r i p t  deno t i ng  an atmospher ic  spec ie ,  H2, 
NH3, CH4, He, . . . 
y .  . . . The l e n g t h  a x i s  cen te red  on t h e  Jov ian  s a t e l l i t e  o r b i t  and 
shown i n  F i gu re  V I I - 1 .  The s a t e l l i t e  need n o t  be cen te red  on 
y  = 0. [km] 
z .  . . . The l e n g t h  a x i s  pe rpend i cu l a r  t o  t h e  p l ane  o f  F i gu re  V I I - 1 .  
r kml 
O r  . . . The ang le  o f  r e f r a c t i o n  exper ienced by a  r a y  due t o  passage 
th rough  t h e  Jov i  an atmosphere; p o s i t i v e  coun te rc lockw ise  i n  
F i gu re  V I I - 1 .  [ r ad i ans ]  
. . . The ang le  a t  which a r a y  leaves t h e  sun; p o s i t i v e  coun te r c l ock -  
w ise .  See F igu re  V I I - 1 .  [ r ad i ans ]  
A .  . . . Wavelength 
p0 . . . The atmospher ic  d e n s i t y  a t  ro. 
$I$, . . The f r a c t i o n a l  i l l u m i n a t i o n  per  u n i t  o f  y on t h e  y a x i s  
and on t h e  s t r i p  2RM t h i c k  i n  t h e  z - d i r e c t i o n  i n  t h e  s u b j e c t  
wavelength band. [d imension less]  See F igu re  V I I - 1 .  
I . . The f r a c t i o n a l  ( i  e .  , r e l a t i v e  t o  when no abso rp t i on ,  s c a t t e r i n g ,  
o r  r e f r a c t i o n  has occurred)  i n t e g r a t e d  (ove r  e n t i r e  d i s k )  s a t e l  - 
l i t e  b r i g h t n e s s  i n  t h e  s u b j e c t  wavelength band; a  f u n c t i o n  of 
sate1 1 i t e  p o s i t i o n  i n  i t s  o r b i t  about J u p i t e r .  [d imension less]  
( c )  t ha t  a constant e f fec t ive  gravity applies throughout, 
and 
(d)  t ha t  the e f fec t ive  depth of the atmosphere i s  much l e s s  
than a Jovian radius. For these conditions the index of refraction i s :  
Then the fu r ther  assumption, one well warranted in re t rospect ,  i s  
( e )  tha t  or i s  small. 
F i r s t ,  consider only the "diming" of the illumination a t  the 
s a t e l l i t e  o rb i t  due t o  the spreading of the l i gh t  caused by d i f f e r -  
en t ia l  refraction in the Jovian atmosphere. The illumination a t  y 
per unit  of y (see  Figure VII-1) and f a l l i ng  in a s t r i p  ~ R M  thick 
in the z direct ion ( z  i s  perpendicular to  the paper i n  Figure VII-1) 
Here I ( x )  i s  the illumination per unit  so l id  angle and per uni t  of x 
( i  . e .  , integrated over a s t r i p  of the so l a r  disk from z = - d v  
t o  z = +d- ) including the e f fec t s  of so la r  limb darkening. 
The fac tor  (2RM)/(DSJ + D J M )  accounts f o r  the spreading, in the  z -  
di rec t ion ,  of the illumination from the sun. I t  i s  j u s t  the angle sub- 
tended by the  s a t e l l i t e  in the z-direction as seen from the sun. 












































































































P a r e n t h e t i c a l l y ,  me r i d i an  concen t ra t i on  i n  J u p i t e r ' s  atmosphere 
i s  neg lec ted  and t h e  p r o j e c t e d  l i m b  of  J u p i t e r  on t h e  s a t e l l i t e  i s  
assumed t o  be a  s t r a i g h t  l i n e .  The inaccuracy  i n t r oduced  by these 
assumptions i s  sma l l .  
S ince o n l y  t h e  f r a c t i o n a l  i l l u m i n a t i o n  i s  des i red,equat ion 
1111-3 i s  n e x t  norma l i zed  by i t s  e q u i v a l e n t  va l ue  when no r e f r a c t i o n  
occurs which y i e l d s  t h e  f o l l o w i n g  r e l a t i o n s h i p  : 
- R s  - R s  
I ( x ) ,  renorma l i zed  so as t o  g i v e  t h e  f r a c t i o n a l  i l l u m i n a t i o n  per  
u n i t  o f  x,  i s  d e f i n e d  as t h e  new f u n c t i o n  L ( x )  t h u s :  
The a n a l y t i c a l  fo rm o f  L ( x ) ,  i n c l u d i n g  l i m b  darkening,  i s  d e r i v e d  
i n  Sec t i on  2 below. L ( x )  w i l l  be i n c o r p o r a t e d  i n t o  equa t ion  V I I - 4 ,  
b u t  i t  i s  f i r s t  necessary t o  eva lua te  ay/aoS. 
From f i g u r e  V I I - 1  one sees t h a t  
rl - B - ( x  + DSJ oS) ( V I  1 - 6 )  
Hence, l e t t i n g  K : (2nroa)' (no - I ) ,  equa t ion  V I I - 1  becomes 
and 
There fo re  
then s u b s t i t u t i o n  o f  V I I - 5  and V I I - 9  i n t o  V I I - 4  g i ves  
L ( x )  d x 
8 6 S ince DSJ = 7.78 x  10 km and, f o r  JIV, DJM = 1.88 x 10 , t o  a  
ver.y good approx imat ion 
R~ 
The f u n c t i o n  or(x,y) i s  i m p l i c i t l y  d e f i n e d  by  equat ions V I I - 7  and 
V I I - 8  and i n  p r a c t i c e ,  g i v e n  ( x  ,y), or and os a r e  found n u m e r i c a l l y  
by an i t e r a t i v e  process.  
Next, absorp t ion ,  s c a t t e r i n g ,  and c l o u d  t o p  c u t o f f  must be taken  
i n t o  account.  If t h e i r  e f f ec t s  a r e  known, i n c o r p o r a t i o n  i n t o  equa- 
t i o n  V I I -11  i s  a  s t r a i g h t f o r w a r d  process. A s e t  o f  t h e  v a r i a b l e s  (x,y)  
def ines or and oS th rough  (111-7) and ( V I I - 8 ) .  Knowing oS, r, 
can be ca lcu la ted .  Then knowing rl t h e  graz ing  inc idence path 
through the  atmosphere i s  def ined.  I f  the  s t r u c t u r e  o f  t he  dens i t y  
v a r i a t i o n  i n  the  atmosphere i s  assumed, a p a r t  f rom an o v e r a l l  con- 
s t a n t ,  the  equ iva len t  w id th  express ing the  amount o f  l i g h t  removed 
from a  graz ing  inc idence beam can be pre tabu la ted  as a f u n c t i o n  o f  
E = ( r l  - r o ) / H  and the  o v e r a l l  number dens i t y  o f  each o f  the  
atmospheric species.  I n t roduc ing  t h i s  e x t i n c t i o n  f a c t o r ,  AA(E), i n t o  
equat ion VI I -11  g ives 
( V I  1-1 2 )  
To ob ta in  t he  f r a c t i o n a l  i l l u m i n a t i o n  o f  the  e n t i r e  s a t e l l i t e  
one merely i n teg ra tes  (V I I -12)  over  t h e  s a t e l l i t e  d i sk  ob ta in ing  




L ( x ) A ( x ~ ~ )  d x d y .  
y =  - REl nRM 1 ' aDJM"(xX.~) 
This  equat ion g ives t h e  f r a c t i o n a l  i l l u m i n a t i o n  i n  t he  sense t h a t  i t  
i s  the  br igh tness  r e l a t i v e  t o  t h a t  when no r e f r a c t i o n  o r  absorpt ion 
OCCUrs, I t  i s  calculat ion of t h i s  integraZ for d i f f e r e n t  times and 
d i f f e r e n t  physical asswnptions t h a t  y i e lds  theoret ical  ec l ipse  Zight 
curves. 
The we igh t ing  f a c t o r  i n  t he  y i n t e g r a l  neglects  any phase 
f u n c t i o n  p e r c u l i a r i t i e s  on the  s a t e l l i t e .  A spec ia l  phase func t ion  
would simply r e q u i r e  a  d i f f e r e n t  we igh t ing  func t i on .  
2 .  Effects of Solar  Limb Darkening 
L(x)  i s  merely the in tegral  of the surface 
brightness over the so l a r  disk between the 
7 
top limb and bot 
wide a t  x. I t  
tom 1 
i s  a1 
in 
def i 
a s t r i p  
ned so 
- R~ 
If  the  sun were of uniform brightness ~ ( x )  would simply be 
However, 1 imb darkening must be taken i n to  account. A1 len (1962) 
gives the f rac t ional  brightness of any uni t  area on the so l a r  disk 
r e l a t i ve  t o  t h a t  a t  the center  of the disk.  
Here the  prime denotes the so l a r  continuum, U and V a re  functions 
of wavelength tabulated by A1 len and 0 i s  the angle between t h e  
so l a r  radius vector and the l i n e  of s i gh t .  In terms of our var iables ,  
( x J )  
COS 0 = ( V I  1-1 7 )  
D e f i n i n g  t h r e e  new constants  
We may w r i t e  
2  1',(o)/I1,(0) = A t B COSO + C COS (VI I -1 9) 
From the  d e f i n i t i o n  o f  L ( x )  i t  i s  ev iden t  t h a t  
By s u b s t i t u t i o n  o f  (V I I - 17 )  and (V I I - 19 )  i n t o  (V I I - 20 )  one may show 
It i s  immediate ly  seen t h a t  ( V I I - 2 1 )  has one c o r r e c t  l i m i t .  I f  t h e r e  
i s  no l i m b  darkening, i . e . ,  A = 1, B = C = 0, then (V I I - 21 )  becomes 
( V I  1-1 5 ) .  
I n  t he  c a l c u l a t i o n s  conducted i n  t h e  course o f  t h e  p resen t  s tudy  
we have employed A l l e n ' s  values o f  U and V i n t e r p o l a t i n g  1 i n e a r i I y  
between t abu la ted  values t o  o b t a i n  t h e  values a t  o t h e r  wavelengths. 
B. Ana l ys i s  of t h e  E c l i p s e  o f  Europa, March 10, 1971 
The t heo ry  o u t l i n e d  i n  P a r t  A has been employed and a n a l y s i s  begun 
I of t h e  Europa e c l i p s e  observa t ions  ob ta i ned  on March 10, 1971. These 
da ta  were analyzed because they  a re  t h e  b e s t  da ta  i n  ex i s t ence  f o r  
s tudy  o f  t h e  r e f r a c t i v e  t a i l  o f  a  Jov ian  s a t e l l i t e  e c l i p s e  l i g h t  cu rve .  
The a n a l y s i s  p resen ted  here  i s  s t i l l  t o  be regarded as p r e l i m i n a r y .  
A t t e n t i o n  i s  f i r s t  d i r e c t e d  t o  t h e  cont inuum channels.  
1 .  Ana l ys i s  o f  Continuum Channels 
Continuum channels a re  those wavelength bands i n  which t h e  
Jov ian  atmosphere has no absorp t ion  f ea tu res  s i g n i f i c a n t  a t  t h e  s p e c t r a l  
r e s o l u t i o n  and pho tomet r i c  p r e c i s i o n  employed. The o n l y  sources o f  
e x t i n c t i o n  a re  Ray le igh  and aeroso l  s c a t t e r i n g .  D i f f e r e n t i a l  r e f r a c -  
t i o n  and c l oud  t o p  c u t o f f ,  t oge the r  w i t h  t h e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  atmosphere, and these  e x t i n c t i o n  mechanisms, shou ld  enable  an under-  
s t and ing  o f  t h e  cont inuum channels. There a re  enough cont inuum channels 
so t h a t  severa l  may be used t o  d e f i n e  t h e  parameters. The rema in ing  
ones may then be used f o r  cons is tency checks. 
Use of t h e  e c l i p s e  l i g h t  cu rve  techn ique  r e q u i r e s  c e r t a i n  da ta  
d e s c r i b i n g  t h e  S u n - J u p i t e r - s a t e l l i t e  system. Summarized here  a re  bo th  
t h e  parameter va lues which have been f i x e d  and those which w i l l  be 
v a r i e d  f o r  t h i s  a n a l y s i s .  
Sun: A s o l a r  r a d i u s  of 6.9598 x  105 km and t h e  wavelength dependent 
s o l a r  l i m b  darkening constants ,  U and V o f  A l l e n  (1962) have been em- 
plo.ved. Juo i  t e r  has been assumed t o  be a t  7.7836 x  l o 8  km f rom t h e  
s o l a r  cen te r .  
J u p i t e r :  As no ted  p r e v i o u s l y ,  an exponent ia l  atmosphere i s  assumed 
i n  t h e  p resen t  ana l ys i s .  A t  a  reference l e v e l  i n  t h e  atmosphere, 71,400 
km (Newburn, 1969) f rom the  cen te r  o f  J u p i t e r ,  we have adopted t he  par -  
t i c l e  number d e n s i t y  1.02 x  lo2'  p a r t i c l e s / c c ,  employed by P r i c e  and 
Hal 1  (1971 ) .  We have a l s o  adopted t h e i r  H2/He r a t i o  o f  5.1. These da ta  
un ique ly  determine t h e  index  o f  r e f r a c t i o n  and Rayle igh s c a t t e r i n g  
cross s e c t i o n  l e a v i n g  o n l y  t h e  sca le  he igh t ,  aerosol  s c a t t e r i n g  cross 
sec t i on ,  c l oud  t o p  a l t i t u d e  and band absorp t ion  o p a c i t i e s  t o  be d e t e r -  
mined. 
S a t e l l i t e :  Europa be ing  under s tudy,  we have adopted a  J u p i t e r -  
s a t e l l i t e  d is tance  o f  6.71 x l o 5  km (Newburn, 1969). No s a t e l l i t e  
phase f u n c t i o n  has been employed. Rather, t h e  s a t e l l i t e  has been assumed 
t o  be a  un i fo rmly  r e f l e c t i n g  d i sk .  Th is  assumption, p a r t i c u l a r l y ,  needs 
f u r t h e r  ana l ys i s  and may account, i n  p a r t ,  f o r  t he  somewhat sma l l e r  
s a t e l l i t e  r a d i i  y i e l d e d  by t h e  e c l i p s e  technique than those cus tomar i l y  
employed. I n  a d d i t i o n ,  no account o f  t h e  approx imate ly  11" phase angle 
a t  t he  s a t e l l i t e  has been made. 
F igure  VII-2 shows how the  s a t e l l i t e  i l l u m i n a t i o n  d i s t r i b u t i o n  
s h i f t s  markedly toward t he  t r a i l i n g  l i m b  o f  t h e  d i s k  d u r i n g  t h e  f i r s t  
f i v e  magnitudes o f  darkening and hence i t  i s  e v i d e n t  t h a t  t h e  e f f e c t  
o f  t he  phase f u n c t i o n  and phase angle may be impor tan t  i n  de te rmin ing  
t he  sate11 i t e  r ad ius .  Dur ing  t he  r e f r a c t i v e  t a i l  p o r t i o n  t h e  i l l u m i n -  
a t i o n  i s  more n e a r l y  un i form again.  
I 1  l um ina t i on  d i s t r i b u t i o n  
A 
Sate1 1  i t e  t r a i  1  i n g  1  imb Sate1 1  i t e  1  eadi  ng 1  imb 
2 - 
4 - 
6  - 
Data p o i n t s  shown a re  f o r  
A p r i l  6,  1971 Ec l i pse  o f  Cloud tops have 
Europa , A1 0320-1 0680 A te rmina ted  i l l u m i n a t i o n  
Time i n  Minutes 
F igure  V I I - 2  Sate1 li t e  I l l u m i n a t i o n  D i s t r i b u t i o n  
I n  any case, t h e  s a t e l l i t e  r a d i u s  i s  t h e  o n l y  parameter t o  be 
determined f rom t h e  b r i g h t e r  p o r t i o n s  of t h e  l i g h t  curve, but, t h e  
va lue determined i n  t h i s  r e p o r t ,  o r  by o the rs  us ing  t h e  s a t e l l i t e  
e c l i p s e  l i g h t  curve method, has an i n h e r e n t  u n c e r t a i n t y  i f  cons id-  
e r a t i o n  o f  t he  phase f u n c t i o n  i s  n o t  inc luded .  
a. Satellite Radius 
We beg in  t h e  ana l ys i s  by  examining t h e  two continuum 
channels, ~ ~ 1 0 3 2 0 - 1 0 6 8 0  and 6290-6260 i. The da ta  f rom these two 
channels a re  reproduced i n  F igure  V I I -3 .  The data a re  shown down 
t o ,  b u t  n o t  i n c l u d i n g ,  t h e  f i r s t  da ta  p o i n t  f a l l i n g  below l a  above 
zero  counts.  Only t h e  p o r t i o n  o f  t h e  e c l i p s e  l i g h t  curve b r i g h t e r  
than 4 magnitudes o f  darkening f o r  t he  s h o r t e r  wavelength channel 
i s  shown. The s l i g h t  d e v i a t i o n s  f rom a smooth, monotonic decrease 
i n  t h e  b r i g h t e s t  p a r t  a re  f e l t  t o  stem f rom t h e  s l i g h t  l oss  o f  l i g h t  
o u t s i d e  t h e  spect rometer  ent rance ape r tu re .  The numerical  data f o r  
t he  s u b j e c t  e c l i p s e  show t h a t  t h e  sky was s t a b l e  w i t h i n  -1.5 t imes 
t h e  photon s t a t i s t i c a l  l i m i t  (see P a r t  Three o f  t h i s  r e p o r t ) .  The 
wavelength e f f e c t  on t h e  r e f r a c t i v e  t a i l .  i s  q u i t e  ev iden t  i n  t h e  
f i g u r e .  
The s a t e l l i t e  d iameter  i s  determined by t h e  shape o f  t he  curves 
d u r i n g  t he  f i r s t  6 magnitudes o f  darkening. F igure  V I I - 4  shows a 
supe rpos i t i on  o f  5 curves, corresponding t o  d i f f e r e n t  sate1 1 i t e  r a d i i  
and A = 10,500 1. I n  t h e  c a l c u l a t i o n  o f  these 5 curves f o r  Europa 
t h e  sca le  h e i g h t  was taken t o  be 10 km and t he  e x t i n c t i o n  f ac to r ,  
Time i n  Minutes 
F i g u r e  VII-3 E f f e c t  o f  Wavelength on R e f r a c t i v e  T a i l  
6 6 
Figure VII-4 Effect  of Radius on Theoretical 
Eclipse Light Curve 
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Data points  shown a re  f o r  
April 6 ,  1971 Eclipse of 
Europa , 10320-1 0680 A 
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4 14 , 1 I I 
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Time in Minutes 
fext  s e t  equal t o  unity. However, the  sca le  height and extinction 
do not e f f ec t  the ec l ipse  l i gh t  curves un t i l  6 magnitudes of darkening. 
I t  i s  concluded t ha t  the best ec l ipse  radius f o r  Europa i s  1200 f 100 
km. This value i s  used throughout the subsequent discussion.  I t  i s  
l e s s  than the value of 1460 km c i t ed  in Newburn's (1969) review of 
planetary data .  
b.  Scale Height,  Aerosol E x t i n c t i o n  and Cloud Top Cuto f f  
at XX10320-10680 
A s ingle  wavelength, three  values of the  scale  height 
and two values of aerosol extinction are  used t o  predic t  the ec l ipse  
1 ight  curve t a i  1s .  The values employed were: x = 10500 i; H = 5 ,  
10, 20 k m ;  fext = 0.5,  1;  and n o  cloud top cutoff .  
The extinction f ac to r ,  fext , has the following meaning: An 
addit ional  sca t t e r ing  cross sect ion,  over and above the Rayleigh 
sca t t e r ing  cross section i s  assumed. Thus, the  t o t a l  cross section i s :  
Here, oTOT ( x , h )  = the t o t a l  sca t t e r ing  cross sec t ion ,  (cm-l) encoun- 
tered by radiat ion of wavelength x a t  height h 
above the reference level in the  Jovian atmosphere. 
R (x,h)  = the Rayleigh sca t t e r ing  cross section (cm-I) a t  
a l t i t u d e  h and wavelength A .  
Imp1 i c i  t l y ,  t h i s  formulation assumes t h a t  the r a t i o  of aerosol 
p a r t i c l e  number density and gas pa r t i c l e  number density i s  a constant 
above the  c l oud  tops.  Th is  assumption i s  n o t  obv ious l y  t r u e  and may 
m e r i t  f u r t h e r  a t t e n t i o n .  
The r e s u l t i n g  curves, us i ng  these phys i ca l  parameters a re  shown 
i n  F igure  VII-5. I t  i s  concluded t h a t  a  sca le  h e i g h t  o f  10 t! km and 
0 
an e x t i n c t i o n  f a c t o r  o f  1.0 b e s t  f i t  t h e  data i n  t h e  xx10320-10680 A 
channel f o r  t h e  l o c a t i o n  on t h e  Jov ian  d i s k  sampled by t h e  s u b j e c t  
e c l  i pse . 
The discrepancy d u r i n g  t h e  l a t t e r  p o r t i o n s  o f  t h e  r e f r a c t i v e  t a i l  
demands a t t e n t i o n  nex t .  I t  i s  p o s t u l a t e d  t h a t  t h e  downturn o f  t h e  
r e f r a c t i v e  t a i l  i s  caused by c l oud  t op  c u t o f f .  Theo re t i ca l  curves 
0 
w i t h  t he  f o l l ow ing  parameter were n e x t  generated: A = 10,500 A, 
H = 10 km, fext = 1.0, and c l oud  tops a t  2.5, 2.75 and 3.0 sca le  
he igh t s  above t h e  atmosphere re fe rence  l e v e l .  A supe rpos i t i on  o f  
these curves and t h e  e c l i p s e  l i g h t  curve a re  shown i n  F igure  VII-6. 
From these da ta  we conclude t h a t  t h e  c loud  tops extend t o  26 f 1 
km above t he  re fe rence  l e v e l .  
c. Another Continuwn Channe 2: XX6290-6360 1 
Next t he  observed da ta  i n  t h e  A6290-6360 wavelength channel 
i s  f i t t e d .  Now, however, o n l y  t h e  e x t i n c t i o n  i s  va r i ed .  F igure  VII-7 
show t h e o r e t i c a l  curves generated w i t h  t h e  f o l l o w i n g  parameters : 
0 
x = 6225 A; H = 10 km; c l oud  tops o f  25 and 27.5 km; and fext = 0.5, 
1.0,  and 1.5.  It i s  seen t h a t  these da ta  a re  b e s t  f i t  w i t h  a  va lue  
o f  e x t i n c t i o n  f a c t o r ,  fext = 1.5. It i s  now ev iden t  t h a t  t h e  continuum 
Time i n  Minutes 
F i gu re  VII-5 E f f e c t  o f  Sca le  He igh t  and Aerosol  E x t i n c t i o n  on Theo re t i ca l  
7 0 Ref rac t i ve  Ta i  1  s 
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2 Theoret ical  curves shown 
are for:  H = 10 km 
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Figure VII-6 E f f e c t  o f  Cloud Top Cutoff  
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F igure  VII-7 Determina t ion  o f  Aerosol E x t i n c t i o n  Fac to r  a t  A6250 A 
72 
channels w i l l  enable de te rmina t ion  o f  t he  wavelength dependence of  
t he  aerosol  e x t i n c t i o n  cross sec t i on .  
I n  subsect ions a, b, and c . ,  t h e o r e t i c a l  l i g h t  curves have been 
f i t t e d  t o  t h e  da ta  i n  a  s tep  by s tep  manner. A s a t e l l i t e  r ad ius ,  
Jov ian atmosphere sca le  he igh t ,  aerosol  e x t i n c t i o n  f a c t o r s ,  and c l oud  
t o p  e l e v a t i o n  have a l l  been determined. F igure  V I I - 8  summarizes t h e  
r e s u l t s .  I t  shows t h e  c l o s e s t  approach l a y e r  th ickness ,  c e n t r a l  
e l e v a t i o n ,  and c e n t r a l  r ay  number d e n s i t y  versus t ime.  
2. Ana lys is  o f  t h e  Absorpt ion Channels 
Absorpt ion channels a re  those wavelength bands i n  which 
de tec tab le  CH4, NH3, . . . absorp t ion  occurs.  A t  t h e  p resen t  t ime,  s tudy 
o f  these absorp t ion  da ta  has o n l y  begun. However, a  few comments a re  
i n d i c a t e d .  
An overview o f  t h e  measurements i s  shown i n  F igure  V I I - 9 ,  a  t h ree -  
dimensional  pe rspec t i ve  p l o t  o f  a l l  t he  wavelength channels f o r  t h e  
A p r i l  e c l i p s e  o f  J I I .  Table V I I - 2  l i s t s  t h e  wavelengths, a n t i c i p a t e d  
f ea tu res  and whether o r  n o t  observed, as deduced from t h e  3-d f i gu re .  
P o s i t i v e  i d e n t i f i c a t i o n  o f  a  f e a t u r e  i s  i n d i c a t e d  when one wavelength 
channel c o n t i n u a l l y  evidences more darkening than ad jacen t  o r  neares t  
continuum wavelength channels. Shading between t h e  continuum and an 
ac tua l  da ta  p o i n t  on t he  " cu t s "  i n  F igure  V I I - 9  i n d i c a t e s  absorp t ion .  
The pe rspec t i ve  shown does n o t  immediately convey t h e  s i g n i f i c a n t  
v a r i a t i o n ,  w i t h  wavelength, o f  t h e  continuum h e i g h t .  It i s  ev iden t  
























































































































































































































































TABLE VI I -2  PRELIMINARY COMPARISON OF ANTICIPATED 
AND OBSERVED ABSORPTION FEATURES 
I S  AN ABSORPTION 





Continuum + CH4 




H2 Dipo le  
CH4 Weak 
CH4 Strong 
CH4 Pred ic ted  
NH3 Pred ic ted  
Hz0 Pred ic ted  
H2S + CH4 
Con ti nuum 
CH4 
Continuum 












D e f i n i t e l y  
No 
D e f i n i t e l y  
N 0 
D e f i n i t e l y  
S t a t i s t i c s  very bad 
due t o  narrow bandpass 
Very st rong!  
Possib le fea tu re  
No 
* 
Continuum changing t o  f a s t ,  w i t h  wavelength, t o  t e l l  us ing on ly  the  
3-d p l o t .  
Figure Vll-9: THREE-DIMENSIONAL ECLIPSE LIGHT CURVE 
OF APRIL 6 ,1971 ECLIPSE OF EUROPA 
V I I I .  CONCLUSIONS 
F ive  Jovian sate11 i t e  ec l i pses  have been observed w i t h  the  200- 
i nch  Hale telescope and mu1 t i channe l  spectrometer i n  20 co lo rs .  The 
data has been reduced t o  e c l i p s e  l i g h t  curve form and s t a t i s t i c a l l y  
s i g n i f i c a n t  r e s u l t s  obta ined f o r  up t o  10 magnitudes o f  darkening. 
Markedly d i f f e r e n t  degrees o f  development of the  r e f r a c t i v e  t a i  1s 
were observed from one e c l i p s e  t o  another. 
Analys is  o f  the  e c l i p s e  l i g h t  curves obta ined du r ing  the  A p r i l  
6, 1971 ec l i pse  o f  Europa has been i n i t i a t e d .  It was found t h a t  an 
ec l i pse  rad ius  f o r  Europa o f  1200 ? 100 km gave excel l e n t  agreement 
w i t h  the b r i g h t e r  po r t i ons  o f  the  e c l i p s e  l i g h t  curves. A scale 
he igh t  o f  10 km, a wavelength dependent aerosol e x t i n c t i o n  compon- 
en t  and c loud tops a t  26 2 1 km above t h e  reference l e v e l  i n  the  
atmosphere y i e l d e d  e x c e l l e n t  agreement between the  t h e o r e t i c a l  and 
observed l i g h t  curves. The reference l e v e l  i s  t h a t  e leva t i on  a t  which 
20 the  gas dens i ty  equals 1.02 x 10 /cc. 
Ammonia and methane bands and probably the  H2, f i  rs t -o rder - fo rb idden , 
pressure induced d i p o l e  l i n e  a t  A6420 + 20 1 were observed. Hence the  
data i n h e r e n t l y  conta ins i n fo rma t ion  which w i l l  y i e l d  new NH3 and CH4 
abundance measurements. By ana lys is  o f  the  H2 data ~ b t a i n e d ~ f u r t h e r  
i n s i g h t  i n t o  the  H2/He r a t i o  may be gained. 
The absolute t ime accuracy and the  observat ion o f  both an ec l i pse  
ingress and egress o f  Ganymede make a v a i l a b l e  new data on the  f i gu re  
o f  J u ~ i  t e r .  
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P A R T  T H R E E  
NUMERICAL ECLIPSE DATA, EUROPA, A P R I L  6, 1971 
I n t r o d u c t i o n  
P a r t  Three conta ins a numerical  l i s t i n g  of the data f o r  the 
A p r i l  6, 1971 e c l i p s e  o f  Europa. The meaning of t he  var ious e n t r i e s  
i s  expla ined below. The data f o r  t h i s  e c l i p s e  i s  presented because 
i t  shows beau t i f u l  ly-developed r e f r a c t i v e  t a i  1s. Simi 1ar  data f o r  
the  o the r  ec l ipses  are a v a i l a b l e  on a l i m i t e d  bas is  from the authors. 
Explanat ion of Headi ngs 
(1 )* TELESCOPE APERTURE RATIO 
The r a t i o  of co l  l e c t i n g  area a f te r l be fo re  opening the  telescope 
dust cover t o  200-inches. This f a c t o r  x (UNCORRECTED 
OBJECT COUNT - UNCORRECTED SKY COUNT x BALANCE FACTOR) y i e l d s  
the CORRECTED OBJECT COUNT p r i o r  t o  t he  f i r s t  data p o i n t  obtained 
a t  200-inch aper ture.  
(2)  ZERO MAGNITUDE 
The count number used t o  determine the  zero of t he  DARKENING IN  
MAGNITUDES scale. I t  i s  t he  average of t he  CORRECTED OBJECT 
COUNTmarked i n  column 3 w i t h  a Z I  
( 3 )  FIRST DATA POINT ON 200-INCH 
Ind ica tes  a t  what p o i n t  i n  the  subsequent data the  telescope 
was opened t o  200-inch aper ture.  
(4)  EPHEMERIS ECLIPSE TIME & TIME ZERO 
The date and Universal  Time o f  the  e c l i p s e  as g iven i n  the 
American Ephemeris and Nau t i ca l  Almanac (1971 ). The t ime  i s  
t he  zero  f o r  t h e  t imes i n  t h e  TIME column below. 
( 5 )  BALANCE FACTOR 
The we igh t i ng  f a c t o r  r e l a t i n g  t he  sky c o n t r i b u t i o n  i n  t h e  
o b j e c t  aper tu re  and sky ape r tu re .  See P a r t  One, Sec t ion  V I  . 
( 6 )  DOMAIN DETERMINING BALANCE FACTORS 
The reg ion  o f  da ta  analyzed t o  o b t a i n  t h e  BALANCE FACTOR. 
(7) OBJECT MINUS SKY UNCERTAINTY DUE TO PHOTON STATISTICS 
An es t imate  o f  t h e  u n c e r t a i n t y  i n  t h e  da ta  due t o  t h e  photon 
s t a t i s t i c s  o f  t h e  sk,y c o n t r i b u t i o n s  , i .e. , 
Here 
Co = average count  i n  t h e  o b j e c t  ape r tu re  j u s t  a f t e r  d isap-  
pearance of t h e  s a t e l l i t e .  CS = average count  i n  t h e  sky 
ape r tu re  a t  t he  same TIME. The same reg ion  analyzed t o  o b t a i n  
t he  BALANCE FACTOR was analyzed t o  o b t a i n  these averages. 
(8) OBJECT MINUS SKY UNCERTAINTY USING CURVE FIT METHOD 
The rms d e v i a t i o n  o f  t h e  a c t u a l  UNCORRECTED OBJECT COUNT f rom 
the  curve l e a s t  squares f i t t e d  through them i n  t h e  r e g i o n  bounded 
by and i n c l u s i v e  of t h e  second and t h i r d  CURVE F IT  POINTS numbers. 
This count number i s  also expressed as a magnitude. Hence 
any magnitude fa in ter  than th is  differs  from zero counts by 
less than lo.  The 20 and 30 levels above zero counts 
are 0.75 and 1.19 magntidues brighter than the l a  value. 
(9 )  SKY REMOVAL METHOD 
Either, C U R V E  FIT or DUAL APERTURE. See Part One, Section 
VI. This information applied only t o  the data obtained a f t e r  
opening the.telescope to  203-inches. The dual aperture method, 
exclusively, was used pri.or t o  opening the telescope to  200- 
inches . 
(10) C U R V E  FIT POINTS 
When using the CURVE FIT method of sky removal the sky in the 
object aperture was approximated by a curve, least-squares-fi t ted 
to  the UNCORRECTED OBJECT COUNT data bounded by the second and 
third CURVE FIT POINTS (e .g . ,  in the f i r s t  d a t a  sheet,  .points 
72 to  122). This curve was extrapolated back in time through 
the f i r s t  point a t  200-inch aperture (e.g. ,  in f i r s t  d a t a  sheet,  
point 65) .  
(1 1 ) POLYNOMIAL COEFFICIENTS 
The constants in the expression SKY BY CURVE FIT = C1 + C2T + 
2 C3T where T = TIME. If  the quadratic curve was found to  be 
concave downward, a physically unreal i s t i c  occurrence, a s t ra ight  
l ine  was leas t  squares f i t t e d  through the data and  no Cg 
(SECOND ORDER) shows in the p.rintout. 
(12) NUMBER PLOT, 0 MAG (Columns 1, 2, 3)  
Column 1  gives the  data p o i n t  number, sequen t ia l l y .  Column 2 ,  
P ( o r  b lank)  means the data was p l o t t e d  on the  DARKENING I N  
MAGNITUDES versus TIME p l o t s  i n  P a r t  Two. The on l y  po in t s  
omi t ted  (a blank i n  column 2 )  were those corresponding t o  a  
s p a t i  a1 scan o r  those obta ined we1 1  a f t e r  disappearance. 
Column 3, Z ( o r  b lank)  means the data i n  column 9 were employed 
i n  the averaging t o  ob ta in  the  ZERO MAGNITUDE counts. 
( 1 3 )  TIME (MIN) (Column 4 )  
Time i n t e r v a l  i n  mean s o l a r  minutes r e l a t i v e  t o  the  Ephemeris 
Ecl i pse Uni versa1 Time o f  disappearance. 
(14) DARKENING I N  MAGNITUDES (Column 5 )  
The CORRECTED COUNTS r e l a t i v e  t o  the ZERP MAGNITUDE counts, on 
a  magnitude scale.  
(15) UNCORRECTED OBJECT COUNT (Column 6) 
The ac tua l  count data observed i n  the o b j e c t  aper ture dur ing  
the 10-sec i n t e g r a t i o n  per iod.  
(16) UNCORRECTED SKY COUNT (Column 7)  
The ac tua l  count data observed i n  t he  sky aper ture dur ing  t h e  
10-sec i n t e g r a t i o n  per iod.  
(17) SKY BY CURVE FIT (Column 8 )  
I n  those rows conta in ing ,an  e n t r y  t h i s  represents the  est imate 
o f  the  sky count i n  the  ob jec t  aper tu re  obta ined by the SKY 
REMOVAL METHOD, CURVE FIT. 
(18) CORRECTED OBJECT COUNTS (Column 9) 
The f i n a l  number o f  counts due t o  the  Ga l i lean S a t e l l i t e  w i t h  
the  telescope aper ture r a t i o  change and background sky cor rec ted  
out .  
(1 9)  CORRECTION FACTOR (Col umn 10) 
The co r rec t i on  f a c t o r  used i n  determining the  BALANCE FACTOR. 
See Par t  One, Sect ion VI; 
* Refer t o  f i r s t  dqta sheet f o r  c l a r i f i c a t i o n  o f  d e f i n i t t o n s  of keyed 
( i .e. ,  (11, (2),.. . . I  e n t r i e s .  
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